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ABSTRACT 

I n t e r f e r e n c e  n o t e d  d u r i n g  the c h e c k o u t  of s e v e r a l  S a t u r n  

v e h i c l e s  w a s  d e t e r m i n e d  t o  be g e n e r a t e d  w i t h i n  the l a u n c h  

s e r v i c e  s t r u c t u r e .  T h e  i n t e r f e r e n c e  w a s  discrete f r e q u e n c y  

i n t e r m o d u l a t i o n  g e n e r a t e d  'by n o n l i n e a r i t i e s  w i t h i n  the s t r u c t u r e  

w h i c h  w e r e  excited by r a d i a t i n g  v e h i c u l a r  systems. The p u r p o s e  

of the p r e s e n t  program w a s  t o  d e t e r m i n e  w h a t  n o n l i n e a r  

phenomena w e r e  r e s p o n s i b l e  f o r  t h i s  i n t e r f e r e n c e  and t o  

d e v e l o p  methods f o r  l o c a t i n g  and  e l i m i n a t i n g  the s o u r c e s .  

P r e l i m i n a r y  i n v e s t i g a t i o n s  on the Fogram r e v e a l e d  that  

t w o  n o n l i n e a r  phenomena, w h i c h  ex is t  i n  m o s t  e n v i r o n m e n t s ,  are  

capable of g e n e r a t i n g  i n t e r f e r e n c e  a t  UHF f r e q u e n c i e s .  T h e  

m o s t  s i g n i f i c a n t  of these t w o  mechanisms i s  the n o n l i n e a r  

impedance which c a n  be formed a t  the c o n t a c t  p o i n t  be tween t w o  

m e t a l  s u r f a c e s .  T h e  other mechanism i s  the n o n l i n e a r  

m a g n e t i z a t i o n  character is t ic  of o r d i n a r y  steel .  Q u i t e  high 

f u n d a m e n t a l  c u r r e n t  d e n s i t i e s  a r e  n e c e s s a r y  before s i g n i f i c a n t  

i n t e r f e r e n c e  l eve l s  c a n  be g e n e r a t e d  i n  s tee l ;  however ,  care 

s h o u l d  be exercised in  the u s e  of th i s  material i n  t r a n s m i t t i n g  

o u t p u t  c i r c u i t s  and  a n t e n n a s .  

A t e c h n i q u e  has b e e n  developed w h i c h  permits  c o n t a c t  

n o n l i n e a r i t i e s  a rb i t r a r i l y  d i s t r i b u t e d  w i t h i n  a n  e n v i r o n m e n t ,  

s u c h  as  a service s t r u c t u r e ,  t o  be s u c c e s s f u l l y  l o c a t e d .  T h e  

t e c h n i q u e  r e l i e s  on  a d i r e c t i o n a l  a n t e n n a  system t o  locate  the 

approximate area f r o m  w h i c h  n o n l i n e a r l y  g e n e r a t e d  s i g n a l s  
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e:..ii..,te. T h e  n o n l i n e a r i t i e s  w i t h i n  the i so la ted  area are t h e n  

p i n p o i n t e d  by u s e  of a s m a l l  loop probe or a n  a u d i o  probe. 

The composite l o c a t i o n  t e c h n i q u e  w a s  u s e d  t o  i n v e s t i g a t e  

typ ica l  areas of a l a u n c h  s r v i c e  s t r u c t u r e .  A s i g n i f i c a n t  

number of n o n l i n e a r i t i e s  capable of c r e a t i n g  i n t e r f e r e n c e  t o  

a v e h i c l e  system w e r e  p i n p o i n t e d .  S e v e r a l  categories of 

s t r u c t u r a l  components and  c o n s t r u c t i o n  t e c h n i q u e s  w e r e  found 

t o  c o n s i s t e n t l y  p r o d u c e  p o t e n t i a l l y  severe i n t e r f e r e n c e  

c o n d i t i o n s .  
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Report No. I I T R I  EcC"" - 
F i n a l  Report 

I. 

STUDY CONCERNING NONLINEAR MIXING OF RADIO 
FREQUENCY SIGNALS I N  STEEL STRUCTURES 

INTRODUCTION 

On November 20 ,  1 9 6 3 l ,  d u r i n g  the e l e c t r o m a g n e t i c  

compatibil i ty tests b e i n g  per formed by the E l e c t r o m a g n e t i c  

S e c t i o n  (K-ESO2) on  SA-5 a t  Launch Pad 3 7 ,  i n t e r f e r e n c e  w a s  

n o t e d  o n  the S-IV Comman6 D e c c r u c t  R e c e i v e r .  An i n c r e a s e  i n  the 

AGC l e v e l  of the r e c e i v e r  w a s  no ted  when all R F  systems wer?  

t u r n e d  on .  

S u b s e q u e n t  t e s t i n g  r e s u l t e d  i n  the d e t e r m i n a t i o n  t:..it 

r a d i a t i o n s  f r o m  the telemetry sys t ems  w e r e  mix ing  w i t h  the UDOP 

t r a n s p o n d e r  o u t p u t  s i g n a l  and  c r e a t i n g  a d i s c r e t e  f r e q u e n c y  

i n t e r f e r e n c e  s i g n a l  a t  the Command D e s t r u c t  R e c e i v e r  f r e q u e n c y .  

F u r t h e r  i n v e s t i g a t i o n s  by the E l e c t r o m a g n e t i c  S e c t i o n  (K-ES02) 

e v i d e n c e d  that the d i s c r e t e  f r e q u e n c y  i n t e r f e r e n c e  , b e i n g  

o b s e r v e d  w a s  n o t  " sys t em g e n e r a t e d " .  That i s ,  the i n t e r f e r e n c e  

w a s  n o t  b e i n g  c o n d u c t e d  i n t o  t h e  system v i a  power or c o n t r o l  

l e a d s ,  n o r  w a s  the i n t e r f e r e n c e  b e i n g  created i n  the t r a n s m i t t e r  

o u t p u t  or r e c e i v e r  i n p u t  stages. A d d i t i o n a l  t e s t s  i n d i c a t e d  that  

the d i s c r e t e  f r e q u e n c y  i n t e r f e r e n c e  w a s  b e i n g  c r e a t e d  i n  the 

e n v i r o n m e n t  e x t e r n a l  t o  the vehicle: namely ,  the s e r v i c e  

'"Report on  E l e c t r o m a g n e t i c  ; I n t e r f e r e n c e  Problems of SA-5" 
E l e c t r o m a g n e t i c s  S e c t i o n  E n g i n e e r i n g  S u p p o r t  D i v i s i o n  
A s s i s t a n t  Director for  I n s t r u m e n t a t i o n  IN-K-ES2-64-1, 
F e b r u a r y  1 4 ,  1 9 6 4 ,  J .F .  Kennedy Space C e n t e r .  
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structure and umbilical tower, However, attempts to determine 

the nonlinear points were unsuccessful. 

The interference problems described here are not 

restricted to SA-5 or pad 37; nor are they amenable to solution 

by simple frequency assignment plans. The problems are the 

result of structures being immersed in intense RF fields, and 

they are compounded as the number of radiated signals and power 

levels increases, 

Theoretical and experimental investigations were 

conducted into the nature of such nonlinear mixing of radio 

frequency 'signals in steel structures at freq,uencies above 

the HF band. The work was directed toward the development of 

techniques and devices which would allow field personnel to 

locate nonlinearities capable of creating intermodulation 

interference in launch service structures, Investigation of 

typical service structures, utilizing the developed techniques 

and devices, was also undertaken to determine categorically 

what presently employed construction practices are prone to 

the generation of such nonlinear interference. 

' I l l  R E S E A R C H  I N S T I T U T E  
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I1 e LABORATORY STUDIES OF ENVIRONMENTAL NONLINEAR PHENOMENA 

A. Comparative Investiqation of Two Known Phenomena 

Investigations by IITRI in the field of environmental 

nonlinearly-generated discrete frequency interference have shown 

that at least two different mechanisms can give rise to such 

interference. These two phenomena are the nonlinear hysteresis 

effects in ferromagnetic materials and the nonlinear impedance 

which results from oxided, metallic mating surfaces, 

At the outset of this program, only limited information 

was available on the effects of these two phenomena at 

frequencies above the HF band, Since the problems encountered 

at Cape Kennedy involved frequencies in the space telemetry band 

(leeo, 230 to 360 Mc) and also frequencies of the order of 

450 Flc and 900 Elc, initial investigations on the program were 

concerned with establishing the relative significance of these 

phenomena as environmental interference contributors within the 

frequency range of interest, 

1. Verification of Steel Effects at VHF Frequencies 

Past research at IITRI has shown that the nonlinear 

properties of ferromagnetic materials such as steel can create 

interference at HF frequencies if the current densities flowing 

in the steel components are sufficiently high. There is a 

dearth of information on this phenomenon at RF frequencies in 

the literature other than a few comments on the possibility 

that hysteresis ceases to exist in most magnetic materials 

I I T  R E S E A R C H  I N S T I T U T E  
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s o m e w h e r e  be tween 100 K c  and  1 0  M c . ~  

of tests w a s  developed t o  a s c e r t a i n  whether the n o n l i n e a r  

f e r r o m a g n e t i c  effect  w a s  a p o t e n t i a l  i n t e r f e r e n c e  mechanism a t  

VHF f r e ; luenc ie s .  

a )  T r a n s m i s s i o n  L i n e  T e s t  

Therefore, a brief series 

I n  order t o  d e t e r m i n e  i f  s u f f i c i e n t l y  high c u r r e n t  

d e n s i t y  i n  a s teel  w i r e  would g e n e r a t e  n o n l i n e a r  s i g n a l s  a t  VHF 

f r e q u e n c i e s ,  t w o  50-ohm t r a n s m i s s i o n  l i n e s  w e r e  des igned :  o n e  

of non-magnet ic  t u n g s t e n  w i r e  h a v i n g  a 2.2 m i l s  d i a m e t e r  and  a 

r e s i s t a n c e  o f t  15 ohms/meter,  t h e  other of m a g n e t i c  s teel  w i r e  

h a v i n g  a 3.0 m i l s  d i a m e t e r  and a r e s i s t a n c e  of 22 ohms/meter, 

T h e  t w o  types of w i r e s  w e r e  r e a s o n a b l y  s i m i l a r  i n  charac te r i s t ics  

except for the m a g n e t i c  p r o p e r t y  of the steel. T h e  t e s t  w a s  

carried o u t  a t  200 M c  and a t  330 M c ,  and i n  each case the th i rd  

ha rmon ic  g e n e r a t e d  w a s  measured as  a f u n c t i o n  of the f u n d a m e n t a l  

power l e v e l .  T h e  tes t  s e t u p  a p p e a r s  i n  F i g u r e  1 and the data 

are  r e c o r d e d  i n  Table 1. The r e s u l t s  s h o w  that  s teel  i s  s t i l l  

n o n l i n e a r  a t  those f r e q u e n c i e s .  

b j  Monopole An'ceiina Test 

T h e  e x p e r i m e n t  on the t r a n s m i s s i o n  l i n e s  showed that 

steel  r e t a i n s  i t s  n o n l i n e a r  properties even a t  VHF f r e q u e n c i e s .  

A t es t  w a s  needed  t o  d e t e r m i n e  i f  a n o n l i n e a r  s i g n a l  g e n e r a t e d  

i n  s teel  c o u l d  be r e - r a d i a t e d  a t  a s u f f i c i e n t l y  high l eve l  t o  

2' 'The Permeabili ty o Fe r romagne t i c  Materials a t  F r e q u e n c i e s  
Between 105  and  loLs c/s", J.T. A l l a n s o n ,  J. I n s t .  E l e c t .  
E n g r s .  G.B. D e c e m b e r ,  1945,  9 2 ,  111, pp 247-255. 
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Fund. 
Power 
Watts 

0.2 

0.6 

1.0 

2.0 

3.0 

4.0 

5.0 

1. 

5 * 5  
db/noi se 

9 db/noise 

200 I4C 

3 1 db/noi s8 

32.5 
db/nois 

Third Harmonic Level 

--- I --- 

e-- I -_- 

1 db/nois 4 27 db/noisi 
2 db/nois 4 29 db/noisi 

3 3 0 >.IC 

Third Harmonic Level 
Tungsten 
bTi 

0 

0 

0 

0 

4 db/noisl 
1 - db/noisl 2 

Steel Wirc 

0 

11.5 
db/noi s 

.4 db/nois 

-0  clb/nois 

TABLE 1 



be picked u p  by a r e c e i v i n g  a n t e n n a .  For th is  p u r p o s e ,  t w o  

monopole a n t e n n a s  w e r e  mounted on a s m a l l  aluminum ground  p l a n e  

(19" x 3 5 " )  e One a n t e n n a  w a s  made of 36 m i l s  copper w i r e  and  

c u t  t o  a q u a r t e r  w a v e l e n g t h  a t  600 M c  ( i . e . ,  the th i rd  h a r m o n i c  

of 200 Mc) a n d  u s e d  as the r e c e i v i n g  a n t e n n a .  A s  a t r a n s m i t t i n g  

a n t e n n a ,  three d i f f e r e n t  types of w i r e  w e r e  u sed :  

a )  
b) copper w i r e  ( 3 6  m i l s ) ,  
c )  t u n g s t e n  w i r e  ( 2 . 3  m i l s ) .  

m a g n e t i c  s teel  w i r e  (3 m i l s ) ,  

T h e  t r a n s m i t t i n g  a n t e n n a s  w e r e  c u t  t o  a q u a r t e r - w a v e l e n g t h  

a t  200 M c ,  and  the tes t  w a s  carried o u t  u s i n g  each t r a n s m i t t i n g  

a n t e n n a , i n  t u r n t o n  the s m a l l  g round p l a n e .  F i g u r e  2 s h o w s  the 

tes t  s e t u p  a n d  Table 2 c o n t a i n s  the data o b t a i n e d  f r o m  the 

e x p e r i m e n t  ,, 

These r e s u l t s  show that  the ha rmon ic  l e v e l  w a s  higher 

w i t h  the steel  a n t e n n a  t h a n  w i t h  either the t u n g s t e n  w i r e  

a n t e n n a  o r  the copper a n t e n n a ,  y e t  some n o n l i n e a r  s i g n a l s  w e r e  

measu red  w i t h  these t w o  s u p p o s e d l y  l i n e a r  a n t e n n a s .  I t  i s  

b e l i e v e d  tha t  the s i g n a l s  r e c e i v e d  on  the " l i n e a r "  a n t e n n a s  

were due t o  the f ac t  that  the  env i ronmen t  w a s  i l l u m i n a t e d  by 

s t r o n g  f u n d a m e n t a l  f i e l d s  which g e n e r a t e d  n o n l i n e a r  s i g n a l s  

i n  the e n v i r o n m e n t a l  j u n c t i o n s  s i t u a t e d  i n  the v i c i n i t y .  

From the data i n  Table 2 ,  i t  c a n  be n o t e d  that the th i rd  

h a r m o n i c  s i g n a l s  r e c e i v e d  were  errat ic  for t r a n s m i s s i o n s  f r o m  

the copper a n d  t u n g s t e n  a n t e n n a s ,  w h i l e  the received s i g n a l  

w a s  steady when the s teel  a n t e n n a  FBS used. The above o b s e r v a t i o n  

s u p p o r t s  the hypothesis tha t  the s i g n a l s  received, on the copper 

I I T  R E S E A R C H  I N S T I T U T E  
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and tungsten antennas were generated by j u n c t i o n s  i n  the 

environment, 

Experience has shown that environmental junction-type 

nonlinearities are often electrically unstable, thus giving 

rise to erratic signals, However, the nonlinear mechanism in 

steel produces distortion components which are constant in 

magnitude, Thus, in the test described, the third harmonic 

signal received when the steel transmitting antenna was used 

was constant for a gi.ven radiated power level, The aberrant 

signal c o n t x i b u t i o n  from the environmental junctions was 

undoubtedly being masked by the stronger steel contribution 

The results of the investigation indicate that steel is 

sufficiently nonlinear at VHF frequencies to create intermodula- 

tion products if the fundamental current densities within the 

steel are high, However, in the tests which were conducted, 

the steel was used as the primary current flow path rather than 

being arbitrarily located in the environment, Thus, the 

experimental results tend to suggest a policy of not using 

steel antennas or transmission path components without a 

detailed test to determine whether,under normal operating 

conditions, the current densities are sufficiently low to 

preclude the generation of interference within these components, 

More extensive research is necessary to determine what, if any, 

contribution to the environmental generated interference can 

be attributed to steel, 
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However, i, i s  believed t h a t , w i t h  the e x c e p t i o n  of 

t r a n s m i t t e r  system coxponen t s  and  a n t e n n a s ,  the n o n l i n e a r  effects 

of s tee l  i n  the  env i ronmen t  on  t h e  G e n e r a t i o n  of i n t e r f e r e n c e  are 

s e c o n d a r y  i n  i m p o r t a n c e  t o  t h a t  p r e s e n t e d  by n o n l i n e a r  c o n t a c t s ,  

T h e  major research emphasis on t h i s  program w a s ,  tk-..?,:-?.?ore, 

c o n c e n t r a t e d  on the problem of c h a r a c t e r i z i n g  and  l o c a t i n g  

s u c h  n o n l i n e a r  c o n t a c t s  w i t h i n  the env i ronmen t .  

2 .  Behav io r  of J u n c t i o n s  a t  VHF F r e q u e n c i e s  

T h e  p r e v i o u s  e x p e r i m e n t  on s teel  e v i d e n c e d  w h a t  appeared 

t o  be e n v i r o n m e n t a l  j u n c t i o n s  g e n e r a t i n g  i n t e r f e r e n c e  a t  VHF 

f r e q u e n c i e s .  T h i s  phenomenon could  be deduced  f r o m  the e r r a t i c  

n a t u r e  of the t h i r d  harmonic  s igna l  when the copper and the  

t u n g s t e n  a n t e n n a s  w e r e  u s e d ,  

A more c o n t r o l l e d  expe r imen t  w a s  performed on  a 1 4 - f o o t  

brass ship model, w h i c h  w a s  a v a i l a b l e  f r o m  a n o t h e r  I I T R I  project ,  

The model c o n t a i n e d  numerous n a t u r a l  j u n c t i o n s ,  h a v i n g  b e e n  

o u t s i d e  f o r  a lmost  a year, T h e  t es t  w a s  c o n d u c t e d  i n  the 

f o l l o w i n g  w a y .  A fundamen ta l  f r e q u e n c y  of 200 Mc a t  a power 

level of approximately t w o  w a t t s  w a s  radiated from a set  of f a n  

a n t e n n a s  on  the model, T h e  t h i r d  harmonic  w a s  t h e n  r e c e i v e d  on 

a w h i p  a n t e n n a , w h i c h  w a s  a l s o  o n  the ship model, 

r e c e i v e d  had the e r r a t i c  characterist ic of H F  band i n t e r f e r e n c e  

s i g n a l s  g e n e r a t e d  by n a t u r a l l y  o c c u r r i n g  j u n c t i o n s ,  O t h e r  

c o m b i n a t i o n s  of t r a n s m i t t i n g  and  r e c e i v i n g  a n t e n n a s  w e r e  t r i ed  

w i t h  the same r e s u l t s .  

T h e  s i g n a l  

I l T  R E S E A R C H  I N S T I T U T E  
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T h e  m o s t  pract ical  method of l o c a t i n g  c o n t k i b u t i n g  j u n c t i o n s  

on the ship model w a s  by moving v a r i o u s  s t r u c t u r e s ,  a p p l y i n g  

p r e s s u r e s  a t  v a r i o u s  p o i n t s  u n t i l  the received s i g n a l  i n c r e a s e d  

or d e c r e a s e d .  

A c o n s i d e r a b l e  amount of bond ing  w a s  d o n e ,  and  the model 

w a s  f i n a l l y  c l e a n e d  enough so that v e r y  l i t t l e  t h i r d  harmonic  

c o u l d  be detected. The  t a sk  of bond ing  w a s  r e l a t i v e l y  easy 

b e c a u s e  the model w a s  f a i r l y  s m a l l ,  and  the possible j u n c t i o n s  

i n  the v i c i n i t y  of the t r a n s m i t t i n g  and  r e c e i v i n g  a n t e n n a s  w e r e  

r e l a t i v e l y  o b v i o u s .  The mst bond ing  w a s  done a r o u n d  the a f t  

main m a s t ,  where a loose radar a n t e n n a  w a s  soldered and the 

c a b l i n g  r u n n i n g  down the mast vas bonded t o  the m a s t .  The a f t e r  

gun d i r e c t o r s  w e r e  removed and  a f e w  places w e r e  bonded n e a r  the 

aftermast.  Much of the b o n d i n g  w a s  u n n e c e s s a r y ,  b u t  i t  w a s  found 

t h a t  o n l y  by g r o u n d i n g  m o s t  of the possible j u n c t i o n s  c o u l d  the 

real  c o n t r i b u t o r s  be c u r e d .  I t  w a s  n o t  always the m o s t  o b v i o u s  

j u n c t i o n s  that  w e r e  the w o r s t  o f f e n d e r s .  

T h e  t es t  showed t h a t  j u n c t i o n - t y p e  n o n l i n e a r i t i e s  w i t h i n  

the immediate env i ronmen t  of the a n t e n n a  system c o u l d  g e n e r a t e  

s i g n i f i c a n t  i n t e r f e r e n c e .  A d d i t i o n a l  tests w i t h i n  the laboratory 

showed t??at radiated VHF s i g n a l s  c o u l d  excite numerous non- 

l i n e a r i t i e s  w i t h i n  the l a b o r a t o r y , s u c h  a s  t oo l s  and  equipment  o n  

b e n c h e s ,  metal l ic  c e i l i n g  p a n e l s ,  metall ic b e n c h  frames, and  

other metal l ic  i t e m s .  

I I T  R E S E A R C H  I N S T I T U T E  
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B. T e s t  of S e r v i c e  S t r u c t u r z  P a i n t  

Dur ing  the i n v e s t i g a t i o n  of p o t e n t i a l  e n v i r o n m e n t a l  

n o n l i n e a r  s o u r c e s ,  conce rn  w a s  expressed a s  t o  the possible 

n o n l i n e a r i t y  of the  p a i n t  w h i c h  i s  used  t h r o u g h o u t  the service 

s t r u c t u r e .  

I n  a n  atteinpt t o  r e s o l v e  the q u e s t i o n s  w h i c h  had b s c n  

raised, a short series of t e s t s  w a s  conducted  on  t h i s  p o i n t .  

FIGURE 3 LABORATORY NONLINEARITY TEST FACILITY 
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For the p a i n t  test a pazrr--.?ent n o n l i n e a r  t es t  f a c i l i t y  

w h i c h  w L s  avai lable  i n  the l a b o r a t o r y  w a s  u t i l i z e d .  T h i s  

f a c i l i t y  w a s  b u i l t  f o r  the p u r p o s e  of t e s t i n g  v a r i o u s  

s t r u c t u r a l  components  a n d  mater ia l s .  F i g u r e  3 i s  a photograph 

of the f a c i l i t y  w h i c h  c o n s i s t s  of a chamber i n  which three 

r e s o n a n t  c i r c u i t s  are  mounted. Two of the c i r c u i t s  c a n  be 

d r i v e n  by t w o  HF band  t r a n s m i t t e r s ,  w h i l e  the th i rd  r e s o n a n t  

c i r c u i t  i s  t u n e d  t o  a ha rmon ic  o r  i n t e r m o d u l a t i o n  f r e q u e n c y .  

T h e  o u t p u t  of t h i s  th i rd  c i r c u i t  i s  fed t o  a receiver system. 

Samples t o  be tes tedwereplaced o n  a wooden shelf s u c h  that  

the s a m p l e s w d r e w i t h i n  the s t r o n g  i n d u c t i o n  f i e l d s  of the 

c o i l s .  

T o  t es t  the p a i n t  l i n e a r i t y ,  a t o t a l  of f i f t e e n  samples 

w e r e  made f r o m  three d i f f e r e n t  materials. The sample materials 

w e r e  brass, a luminum,and s t ee l .  T h e  samples w e r e  of u n i f o r m  

g a u g e  (0.02 i n c h e s )  a n d  w e r e  c u t  t o  a s t a n d a r d  3 i n c h  by 6 

i n c h  s i z e .  The t e s t  u t i l i z e d  a s i n g l e  t r a n s m i t t e r  a t  2.025 M c  

which d e l i v e r e d  100 w a t t s  t o  one of the t u n e d  c i r c u i t s .  T h e  

receiver systei-il was tin& t~ the  third harmonic at 6.075 Mc. 

T h e  f o l l o w i n g  s e q u e n c e  of measurements  w e r e  made on  the g r o u p  

o f s a m p l e  s : 

1. R e f e r e n c e  t h i r d  ha rmon ic  levels  w e r e  o b t a i n e d  fo r  

s i n g l e  u n p a i n t e d  s a m p l e s  of each type m e t a l .  

2. R e f e r e n c e  t h i r d  ha rmon ic  l e v e l s  w e r e  o b t a i n e d  f o r  

a l l  c o m b i n a t i o n s  of . t w o  u n p a i n t e d  samples, i .e . ,  
s teel  a n d  aluminum, s teel  and  brass, aluminum a n d  
brass, etc. For t h i s  t es t  the t w o  samples w e r e  

I I T  R E S E A R C H  I N S T I T U T E  
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joined with a one-inch overlap i n  the narrow 
dimension. The two samples were held together 
firmly with tape. 

3. One sample of each type metal w i t h  primer applied t o  
one side was tes ted ,  

4 .  One sample of each type metal w i t h  both primer and 
f i n i s h  coat applied to  one s ide  was tested.  

5. All combinations of two samples were tested w i t h  one 
side of each sample painted with both primer and 
f i n i s h  caat. The samples were overlapped a s  i n  
t e s t  number 2; however,for this  t e s t  the painted 
sides of the samples were joined together while the 
f i n i s h  coat of paint was s t i l l  wet. The pai.nt, 
when dr ied ,  formed a mechanical bond between the 
two samples; however,there was not e l e c t r i c a l  
continuity f r o m  one sample through the paint 
junction t o  the  o ther  sample. 

The data obtained by t h e  above s e r i e s  of t e s t s  a r z  

presented i n  Table I t  can be seen t h a t  the harmonic signals 

produced by the samples can be d i rec t ly  a t t r i bu ted  t o  the s t e e l  

e f f ec t .  T h u s ,  the t e s t  indicates tha t  the service s t ruc ture  

paint  should not contribute t o  the interference generated w i t h i n  

these s t ructures .  

TIE above t e s t  does not cons t i tu te  an exhaustive study 

of the  pa in t ,  since only a single frequency i n  the HF band was 

used. However, the e f f ec t s  of s t e e l  wire c l ea r ly  evident i n  

th i s  test  and the nonlinear contribution of s tee l  Seen 

relegated t o  a secondary position w i t h  respect t o  the interference 

contribution of contacts;  therefore,any contribution from the 

I l l  R E S E A R C H  I N S T I T U T E  
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paint is surely a second or third order effect compared to the 

contact problem. 
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111. INVESTIGATION O F  TECHNIQUES FOR LOCATING ENVIRONMENTAL 

NONLIN EAR1 T I  ES 

I n i t i a l  i n v e s t i g a t i o n s  of the program e s t a b l i s h e d  the 

r e q u i r e m e n t s  and  g u i d e l i n e s  f o r  -the r e m a i n i n g  phases of research. 

T h e  i n t e r f e r e n c e  c o n t r i b u t i o n  of n o n l i n e a r  c o n t a c t s  w i t h i n  the 

env i ronmen t  w a s  of s u c h  s i g n i f i c a n c e  t o  w a r r a n t  primary emphasis 

i n  the development  of t e c h n i q u e s  and  d e v i c e s  t o  p i . r ? o i n t  the 

l o c a t i o n  of these n o n l i n e a r i t i e s .  

i n  the development  of s u c h  t e c h n i q u e s  and d e v i c e s  are d i s c u s s e d  

i n  th i s  s e c t i o n .  

The research e f for t s  expended 

A.  VHF T e s t s  of P r e v i o u s l y  Developed L o c a t i o n  T e c h n i q u e s  

Due t o  the r e s u l t s  o f  prior research i n t o  the phenomena 

of e n v i r o n m e n t a l  n o n l i n e a r  c o n t a c t s ,  s e v e r a l  d e v i c e s  and  

t e c h n i q u e s  fo r  l o c a t i n g  i n t e r f e r e n c e  s o u r c e s  a t  f r e q u e n c i e s  below 

the VHF band w e r e  available a t  the o u t s e t  of the p r e s e n t  

research e f f o r t ,  P r e l i m i n a r y  e f f o r t s  i n  d e t e r m i n i n g  a s u i t a b l e  

methodology for  l o c a t i n g  VHF-UHF band i n t e r f e r e n c e  c o n t r i b u t o r s  

w e r e  d i r e c t e d  toward e - ~ a l u a t i n g  the more u s e f u l  l o w e r  f r e q u e n c y  

t e c h n i q u e s  a t  the f r e q u e n c y  r a n g e  of i n t e r e s t .  

1. Audio  Techn ique  

T h i s  t e c h n i q u e  permits n o n l i n e a r i t i e s  w h i c h  a re  excited 

by the main r a d i a t e d  f i e l d  t o  be located by a n  a u d i o  s e n s i t i v e  

probe tha t  r e s p o n d s  t o  the m o d u l a t i o n  of the e x c i t i n g  RF f i e l d .  

T h e  m o d u l a t i o n  i s  t r a n s l a t e d  t o  the a u d i o  r a n g e  by the 

n o n l i n e a r i t y  of the e x c i t e d  j u n c t i o n .  A d e s c r i p t i o n  of the 

probe i s  g i v e n  i n  Appendix A. T h e  t e c h n i q u e  has b e e n  F o v e n  t o  

I l T  R E S E A R C H  I N S T I T U T E  
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be ef fec t ive  i n  the  H F  band, Experiments were performed a t  200 Mc, 

500 Mc, 1000 Mc, 2000 Mc,and 2500 M c ,  and the method was found 

t o  be effect ive i n  every case, 

Such a probe would be most useful i f  it were more 

sens i t ive  than a simulated vehicle receiving system, I n  other 

words, the audio detector should be capable of detecting high 

impedance junctions tha t  a;e beyond the detectable range of a 

good receiving system, 

A t e s t  was conducted to  assess the sens i t i v i ty  of the 

audio probe r e l a t i v e  t o  a quarter wave monopole used t o  receive 

a th i rd  harmonic generated i n  a diode, A two-watt signal a t  

200 Mc was radiated from a fan antenna on the ship model,, The 

th i rd  harmonic was received on a 600 Mc quarter wave %hip c in ten~a 

located i n  the forward section of the ship. A diode a t  the base 

of a 200 Mc quarter wave monopole above a ground plane, completely 

remote from the ship,  was used t o  generate the th i rd  harmonic, 

Figure 4 i l l u s t r a t e s  the experimental setup, A s  the diode w a s  

taken fur ther  and fur ther  away from the ship,  the received 

t h i r d  harmonic signal gradually faded out,  When the signal 

was completely l o s t  due t o  the large distance between the ship 

model, where the transmitt ing and receiving antennas were 

located,  and the monopole containing the diode, the audio 

locator  could s t i l l  eas i ly  detect  the audio tone across the 

diode. The diode was then taken twice a s  f a r  from the ship 

model and could s t i l l  be detected by the audio probe. 

I l l  R E S E A R C H  I N S T I T U T E  
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Thus  the a u d i o  detector a p p e a r s  c o n s i d e r a b l y  more 

s e n s i t i v e  t h a n  the r e f e r e n c e  r e c e i v i n g  system. A formal tes t  on  

the s e n s i t i v i t y  of the probe c a n  be found a t  the end of Appendix 

A e , ,  I t  must  be remembered, however,  that  this d e t e c t i o n  d e v i c e  i s  

o n l y  u s e f u l  i n  l o c a t i n g  n o n l i n e a r  c o n t a c t s  i n  r e l a t i v e l y  high 

impedance paths, 

2, S i q n a l  S u b s t i t u t i o n  Technique  

T h i s  t e c h n i q u e  u t i l i z e s  local s i g n a l  s u b s t i t u t i o n  t o  

d e t e r m i n e  whether a p a r t i c u l a r  s t r u c t u r e  or n o n l i n e a r i t y  i s  a 

c o n t r i b u t o r  t o  the e x t e r n a l  env i ronmen t -gene ra t ed  i n t e r m o d u l a t i o n  

r e c e i v e d  on a g i v e n  r e c e i v i n g  system, The  t e s t  i s  r u n  i n  the 

f o l l o w i n g  w a y .  Two s i g n a l s  a r e  r a d i a t e d  f r o m  a pair  of t r a n s -  

m i t t i n g  a n t e n n a s ,  The i n t e r m o d u l a t i o n  p r o d u c t  f r e q u e n c y  i s  

s e n s e d  o n  a r e c e i v i n g  a n t e n n a  and the l eve l  r e c o r d e d .  Then ,  

a c u r r e n t  probe is  clamped around the s u s p e c t e d  s t r u c t u r e ,  and  

the l e v e l  of the s i g n a l  f l  f l o w i n g  i n  tha t  s t r u c t u r e  i s  measured 

o n  a f i e l d  i n t e n s i t y  m e t e r  a n d  recorded a s  El" The t r a n s m i t t e r ,  

i s  t h e n  t u r n e d  off and the s i g n a l  fl i s  induced  back i n t o  TXl ' 
the s t r u c t u r e  w i t n  a c u r r e n t  probe arid a sig~al g e ~ e r a t n r  u n t i l  

the f i e l d  i n t e n s i t y  meter reads the s a m e  l e v e l  El a s  before, 

(See d i a g r a m  i n  F i g u r e  5 ) .  Therefore, as  f a r  a s  tha t  p a r t i c u l a r  

s t r u c t u r e  i s  c o n c e r n e d ,  the c u r r e n t s  f l o w i n g  i n  i t  are the s a m e  

as  when both s i g n a l s  were r a d i a t e d .  The i n t e r m o d u l a t i o n  p r o d u c t  

l e v e l ,  A r e c e i v e d  on the r e c e i v i n g  a n t e n n a  i s  a n  i n d i c a t i o n  of 

the c o n t r i b u t i o n  of that  par t icular  s t r u c t u r e  t o  the t o t a l  s i g n a l ,  
P '  
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T h i s  t e c h n i q u e ,  w h i c h  has been  used  s u c c e s s f u l l y  i n  the 

H F  band ,  w a s  n o t  u t i l i z e d  t o  a great e x t e n t  on  the p r e s e n t  

program. The  t e c h n i q u e  i s  p a r t i c u l a r l y  u s e f u l  i n  s i t u a t i o n s  where 

a great  number of n o n l i n e a r i t i e s  w h i c h  are d i f f i c u l t  t o  f i x  

are i n  a g i v e n  area. W i t h  t h i s  s i t u a t i o n ,  it may be desirable 

t o  d e t e r m i n e  w h i c h  of the n o n l i n e a r i t i e s  are a c t u a l l y  c o n t r i -  

b u t i n g  t o  the i n t e r f e r e n c e  r e c e i v e d  on  a g i v e n  system, s u c h  

t ha t  f i xes  need be app l i ed  t o  o n l y  the c o n t r i b u t o r s .  

3. Loop P r o b e  Techn ique  

Some s i t u a t i o n s  ex i s t  where the a u d i o  probe t e c h n i q u e  

For i n s t a n c e ,  i f  the j u n c t i o n  i s  located i n  a w i l l  n o t  w o r k .  

loop, t h e n  the shorted path w i l l  p r e v e n t  the a u d i o  s i g n a l  f r o m  

b e i n g d e t e c t 3 3  across the j u n c t i o n .  

and  means of d e t e c t i n g  these n o n l i n e a r i t i e s  are n e c e s s a r y .  

t h a t  r e a s o n  a n o t h e r  t e c h n i q u e  u s i n g  a s m a l l  loop probe i s  employed, 

The probe used  i s  a n  AT-426D l o o p  a n t e n n a ,  which i s  a three- 

i n c h  loop s i m i l a r  t o  that  f u r n i s h e d  a s  s t a n d a r d  equipment  w i t h  

many f i e l d  i n t e n s i t y  meters. 

Such a s i t u a t i o n  i s  common, 

For 

The t e c h n i q u e  c o n s i s t s  of i n d u c i n g ,  

..; W L L L L  4-.h t h e  loop probe, a fundamental s i q n a l  a t  a p o i n t  w h e r e  a 

n o n l i n e a r i t y  i s  s u s p e c t e d  t o  be, and  r e c e i v i n g  on the same probe 

the t h i r d  harmonic  of the fundamenta l .  F i g u r e  6 shows a 

block d i a g r a m  of the tes t  s e t u p .  

An R F  power amplifier i s  used  i n  t h i s  t e c h n i q u e  b e c a u s e  

the s i g n a l  fed t o  the pobe has t o  be r e a s o n a b l y  high d u e  t o  the 

rather poor c o u p l i n g  e f f i c i e n c y  f r o m  the probe t o  a n y  p a r t i c u l a r  

I I T  R E S E A R C H  I N S T I T U T E  
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s t r u c t u r e .  The loop probe t e c h n i q u e  i s  used  i n  s i t u a t i o n s  

where the clamp-on c u r r e n t  probe c a n n o t  be used  for s i c n a l  

s u b s t i t u t i o n  d u e  t o  the p a r t i c u l a r  shape of the s t r u c t u r e  

i n v o l v e d .  I n  s u c h  a case, i n s t e a d  of r e c e i v i n g  the third 

harmonic  on  the S a m e  loop probe, it i s  r e c e i v e d  on the normal  

r e c e i v i n g  a n t e n n a .  T h e  draw-back of t h i s  mthod i s  that  a t  

t i m e s  it i s  d i f f i c u l t  t o  c o u p l e  s u f f i c i e n t  s i g n a l  i n t o  the 

s t r u c t u r e  w i t h  the loop probe t o  dr ive  the n o n l i n e a r i t y  enough 

t o  i n f l u e n c e  the s i g n a l  r e c e i v e d  on  the  a n t e n n a .  But  i n  a 

l i m i t e d  env i ronmen t  the t e c h n i q u e  i s  e f f i c i e n t ,  a s  w a s  

d e m o n s t r a t e d  i n  the  e x p e r i m e n t  d e s c r i b e d  i n  the f o l l o w i n g  

paragraph. 

An i n v e s t i g a t i o n  w a s  made t o  d e t e r m i n e  the p o i n t s  of 

n o n l i n e a r i t y  w i t h i n  a shielded e n c l o s u r e .  The e n c l o s u r e  tested 

w a s  of the s o l i d  g a l v a n i z e d  steel  type. T h e  tests i n d i c a t e d  

that  the n o n l i n e a r i t i e s  c o u l d  be located by local s i g n a l  

i n j e c t i o n  w i t h  a s m a l l  loop probe. 

The  p r e s e n c e  of n o n l i n e a r i t i e s  w i t h i n  the e n c l o s u r e  w a s  

d e t e r m i n e d  by r a 2 L s t i n g  a w e l l - f  i l t e r e d  250 Mc s i g n a l  from a 

c o n e  a n t e n n a  mounted w i t h i n  the e n c l o s u r e  and  r e c e i v i n g  t he  t h i r d  

h a r m o n i c  of the radiated s i g n a l  on  the s a m e  a n t e n n a .  T h e  

e n c l o s u r e  n o n l i n e a r i t i e s  w e r e  found t o  be pr imari ly  i n  the f loo r  

j o i n t s .  F i g u r e  7 shows a typical  f loor  j o i n t  i n  the e n c l o s u r e .  

T h e  p r e s e n c e  of a n o n l i n e a r i t y  a t  a p a r t i c u l a r  j o i n t  c o u l d  be 

d e t e r m i n e d  by induc ing  a fundamen ta l  s i g n a l  i n t o  the j o i n t  by 

means of the loop probe and r e c e i v i n g  the th i rd  harmonic  on  

I I T  R E S E A R C H  I N S T I T U T E  

25 



either the loop probe o r  the cone an tenna .  

c o u l d  n o t  be d e t e c t e d  by u s e  on the a u d i o  voltage probe be- L a u s e  

all the n o n l i n e a r i t i e s  had a s h o r t e d  pathfSxrnished by the 

s h i e l d e d  e n c l o s u r e  . 

The j o i n t  n o n l i n e a r i t y  

FIGURE 7 SHIELDED ENCLOSURE FLOOR J O I N T  

B. Development of D i r e c t i o n a l  Probe  a t  VHF 

Some e x p e r i m e n t s  u s i n g  a d i r e c t i o n a l  c o u p l e r  have  Shawn 

tha t  the s i g n a l s  ( t h i r d  harmonic o r  i n t e r m o d u l a t i o n  p r o d u c t )  

g e n e r a t e d  i n  a d i o d e  sr a j u n c t i o n  f l o w  o u t  of the n o n l i n e a r  
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element. Consequently, if a nonlinearly generated signal is 

measured 

and its direction of flow determined, then it is possible to 

determine in which direction the diode is located. Experiments 

on antennas can also be carried out to determine whether the 

in a particular structure, a braided cable for instance, 

nonlinear signal is going in or out of the antenna, thus 

permitting the linearity of the radiating system to be assessed, 

The design of the directional probe is based on the principle of 

the directional coupler. 

A directional coupler is a device for individually 

sampling theRF incident and reflected wave in a transmission 

line. Assilming that a signal generated in a junction flows out 

of the nonlinearity as shown in Figure 8, then the directional 

coupler should indicate an incident wave flowing away from the 

nonlinearity on each side. By knowing which way the current 

is flowifig uIIG --* L Q A ,  "-.m f i ~ d   here the junction is. By going into 

a little more sophistication, one can sample both forward and 

backwardv2ves at the same time, and feed the signals through an 

electronic switch so that  the receiver reads the sampled signals 

one at a time. The receiver output goes again through an 

electronic switch which is synchronized with the first one,and 

the output of that switch goes to a differential amplifier 

which feeds a center reading meter. The meter reads zero when 

both signals are zero or equal, positive if one signal is 

larger than the other, negative if the reverse condition exists. 

Figure 3 is a block diagram of the system. 
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FIGURE '? INCIDENT WAVE FRON NONLINEARITY 
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FIGURE 11 CURRENTS INDUCED I N T O  PROBE 
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The direct ional  probe i s  a loop-type direct ional  

coupler. The probe i s  coupled both capacitively and inductively 

t o  a l i n e  which c a r r i e s  a nonlinear current a s  shown i n  Figure 10, 

For a wave t rave l l ing  to  the r igh t ,  the capacitance of the 

probe t o  the l i n e  w i l l  r e s u l t  i n  a current flowing i n  the 

probe a s  shown i n  Figure l l a .  

coupling of the probe w i l l  induce a current flow i n  the probe 

a s  shown i n  Figure l l b .  I n  t h i s  case the capacit ive and 

inductively coupled currents  w i l l  add a t  the LHS output of the 

probe and w i l l  s:3’7tract a t  the R H S  output a s  shown i n  Figure 

l l c ,  Normally,the inductive and capacitive coupling a r e  made 

e q ~ a l  fcr better front-to-back ra t io .  This can be accomplished 

b.; proportioning the loop or  coupling close t o  the wire t h a t  i s  

t o  be sampled, T h i s  problem i s  re la t ive ly  simple i n  the normal 

I 
For the same wave, the inductive 

I 

t 

b s i tua t ion  where the direct ional  coupler i s  used i n  a transmission 

l i n e  of fixed charac te r i s t ic  iiipedazze, b ~ t  f n r  t-he present 

application a s  a current probe on open wire it becomes a 

d i f f i c u l t  proposition, 

No provision was made for varying e i the r  t h e  icductive 

coupling o r  the capacit ive coupling i n  the  f i r s t  model of the 

probe which was made. 

Tests  of this  u n i t  revealed that the probe d i d  not have a 

s u f f i c i e n t  front-to-back r a t i o ,  i.e.,some response to  the 

t o t a l  standing wavewas being obtained. 

Figure 1 2  shows two VieWsof t h i s  probe. 

I n  an attempt to  a l l e v i a t e  the problems encountered 

with the  f i r s t  probe, a modified version was fabricated. 
I I T  R E S E A R C H  I N S T I T U T E  
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a. S i d e  V i e w  of Probe 

b. B o t t o m  View of Probe 

FIGURE 1 2  ORIGINAL DIRECTIONAL PXOBE 
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The modified probe i s  shown i n  Figure 13. The modified 

version i s  an adjustable probe w i t h  a d i rec t iona l  type of 

pickup loop. The probe has a shorted loop whose plane may be 

rotated r e l a t ive  to  the plane of the pickup loop, thereby 

permitting adjustment of the  m u t u a l  inductance between the 

pickup loop and the surface being tested.  The amount of 

capacit ive coupling with the  surface may a l so  be varied by 

adjusting the  distance from the  end of the pickup loop t o  the 

surface. I n  general, there  i s  an optimum value of the r a t i o  of 

magnetic t o  capacit ive coupling for  which the probe w i l l  y ie ld  

maximum d i r e c t i v i t y  without responding t o  the standing waves 

on the l ine .  I t  is  possible t o  locate  junctions by looking f o r  

a change i n  the direction of the nonlinearly generated t h i r d  

harmonic incident wave, even when the magnitude or' Lhe direct- 

t i v i t y  f luc tua tes  due t o  t h e  standing waves, b u t  th i s  becomes 

very d i f f i c u l t  when the fluctuations a re  large.  For t h i s  

reason, the probe was made adjustable. To simplify the 

experimental location of nonl inear i t ies ,  t h e  difference ( ra ther  

than the  r a t i o )  i n  the current amplitudes i n  the two leads of 

the probe was taken to  determine the direct ion of the incident 

wave 

I 

The probe w a s  tested on s t r a igh t  wire l i nes  containing 

nonl inear i t ies  formed by para l le l  front-to-back diodes inserted 

i n  the l ines .  A motor was used t o  move the  probe along the 

l i n e ,  which was i r radiated by a fundamental 2 2 3  14c signal. The 

probe was connected to  a receiver tuned t o  the th i rd  harmonic 
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(700 M c ) ,  and a s i g n a l  p r o p o r t i o n a l  t o  the d i f f e r e n ,  Pe i n  the 

a m p l i t u d e s  of the c u r r e n t s  i n  the two proSe l e a d s  w a s  f e d  f r o m  

a d i f f e r e n t i a l  amplifier t o  a Sandborn recorder. A r e f e r e n c e  

marker was p u t  o n  the r e c o r d e r  g raph  a s  the probe crossed the 

n o n l i n e a r i t y .  

F i g a r e  14  shows a p i c t u r e  of the t e s t  s e t u p  f o r  moving 

the probe u n i f o r m l y  a l o n g  the l i n e  c o n t a i n i n g  the n o n l i n e a r i t y .  

FIGURE 1 4  TEST SET U P  F'JR DIRECTIONAL 

PROBE MPERIMEXTS 



The l i n e  i n  which the n o n l i n e a r i t y  w a s  placed w a s  l o c a t e d  b e n e a t h  

the cardboard t r a c k  o v e r  which the probe w a s  drawn. F i g u r e  1 5  

shows s o m e  typ ica l  r e c o r d i n g s  of the system o u t p u t  as a f u n c t i o n  

of d i s t a n c e  moved a l o n g  the t rack .  I t  can  be s e e n  that  the 

d i r e c t i o n  of the c u r r e n t  induced  i n  the probe reversed as the 

probe crossed o v e r  the n o n l i n e a r i t y .  

T h e  f i r s t  l i n e  tes ted w a s  a t h i n  w i r e  l i n e  w h i c h  g a v e  

poor r e s u l t s .  T h e  s t a n d i n g  wave r e s p o n s e  w a s  large and c o u l d  

n o t  be reduced  by a n y  a d j u s t m e n t  of the probe. N e x t ,  the t h i n  

w i r e s  w e r e  r e p l a c e d  by one - inch  diameter copper pipes. T h e  

probe worked much better on t h i s  l i n e ,  and the r e s p o n s e  t o  

s t a n d i n g  waves c o u l d  be e f f e c t i v e l y  minimized by proper a d j u s t -  

ment of the probe. On t h i s  l i n e  the r e l a t i v e  r e s p o n s e  t o  the 

s t a n d i n g  waves of the t h i r d  harmonic  g e n e r a t e d  on the l i n e  w a s  

found t o  depend on  the s t r e n g t h  of the f u n d a m e n t a l  f i e l d  and  the 

o r i e n t a t i o n  of the pipe i n  th i s  f i e l d .  

A s  c a n  be s e e n  f r o m  the  graphs shown i n  F i g u r e  1 5 ,  the 

s e v e r i t y  of the s t a n d i n g  waves of the th i rd  h r m o n i c  r e c e i v e d  

by the probe i n c r e a s e d  as the power t r a n s m i t t e d  i n c r e a s e d .  A t  

high power l e v e l s  the s t a n d i n g  wave r e s p o n s e  w a s  so great that 

l o c a t i o n  of a j u n c t i o n  by o b s e r v a t i o n  of the p o i n t e r  d e f l e c t i o n  

w a s  v e r y  d i f f i c u l t .  

A possible e x p l a n a t i o n  fo r  th i s  b e h a v i o r  i s  the f a c t  

tha t  the dynamic j u n c t i o n  impedance fo r  the d i o d e  a t  a n y  

f r e q u e n c y  d e p e n d s  on the l e v e l  of the vol tage across the 

j u n c t i o n .  T h e  s t a n d i n g  wave r a t i o  w i l l  depend ,  i n  par t ,  on 
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a. -10 dbm I n p u t  t o  P o w e r  A m p l i f i e r  

b. -3 d b r n  I n p u t  t o  P o w e r  A m p l i f i e r  

C .  -6 d b m  I n p u t  t o  P o w e r  A m p l i f i e r  

GURE 15  DIRECTIOYAL PROBE OUTPUT A S  A FUNCTION 
OF DISTANCE MOVED ALONG A L I N E  CONTAINING 
A NONLINEARITY FOR VARIOUS VALTJES O F  
RADIATED POWER 
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d. -4 dbm Input to Power Amplifier 

e, 0 dbm Input to Power Amplifier 

f. + 4  dbm Input to Power Amplifier 

FIGURE 15 Continued 
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I -  the impedance at the junction, particularly since the end of the 

line is an open circuit and highly reflective. 

The effect of frequency variations on the line was not 

investigated. If standing waves interfere with probe measure- 

ments on a given line, a slight change in frequency might reduce 

the effect enough to make the junction locating technique feasible. 

It is evident that more experiments are necessary to 

improve the probe and assess its capabilities. 

the probe should be tested on lines containing more than one 

nonlinearity and on several lines in close proximity (each 

containing nonlinearities). Also, metal-oxide-metal nonlineari- 

ties and surfaces of a more general shape should be tested. 

For instance, 

The motor driven mechanism whlch has been Gescribed Is 

useful for adjusting the probe; however, a prac t ica l  assessment 

of the probe can 

as in a normal search. Due to time limitations, efforts were 

diverted f r om the continued development of the probe to permit 

. ' ' r t q l . l i t  of the mre general location schemes,which are discussed 

in the following section. 

C ,  Investigation of Techniques to Locate General Nonlinear 

only be obtained by hand-holding the probe 

Areas 

An investigation into the use of various antenna and 

signal processing schemes for the purpose of locating environment 

junction nonlinearities was made. 

as it is applied here differs from that associated with the 

local probe techniques discussed previously in that,here,we 

The term "junction location" 
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.are not concerned with locating the specific point of 

nonlinearity but in determining an approximate area from which 

nonlinear radiations occur and which should be investigated 

further by the local probe techniques. In effect, what was 

sought 

eliminating gross areas which do not contain nonlinearities and, 

thus, do not necessitate local probing. 

in the investigations to be described was a method for 

The study of several omnidirectional radio range 

systems indicated very little applicability of the techniques 

used in these systems. While the use of omnidirectional 

antennas for junction location in the VHF-UHF band is very 

appealing, the nonlinearity bearing or direction information 

which would be generated in adaptations of these systems is 

due to phase comparisons. Such phase comparisons are ambiguous 

when a multiplicity of arbitrarily-located sources are present, 

which was the case at hand. It is apparent that an omnidirec- 

tional technique for locating environment nonlinearities cannot 

generate the direction or bearing information as phase difference 

but m u s t  generate the informat-ion in some other form: for example, 

as frequency differences. 

In Appendix B a scheme utilizing a ramp modulated FM 

signal to measure the radial distance of a junction from the 

fundamental source is described. The technique is similar to 

that used in FM radio altimeters in that the distance information 

is contained in the frequency received: however, for the purpose 
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i at hand, an environment generated interference signal is 

sensed rather than the echo of the transmitted signal. 

The FM scheme provides distance information rather than 

bearing indications and, thus, has only been considered theoret- 

ically. Implementation of the technique would involve some 

instrumentation problems: however, the concept appears feasible 

and should warrant further study at a later date if the 

information generated by this scheme would more rapidly permit 

the location of environmental nonlinearities. 

1. Directional Location Techniques 

Although VHF-UHF omnidirection location techniques would 

be desirable, the complexity of the problem may render such 

techniques ineffective. The - l v e  is to locate the 

approximate position of excited nonlinearities by use of 

directive antenna characteristics. 

In using a "pencil beam" antenna for locating 

environmental nonlinearities, several factors must be considered. 

The antenna system to be used must be small enough to permit 

relative ease of manipulation. The beamwidth must ke small 

enough to permit definite areas of nonlinearity to be 

pinpointed. The nonlinearity must be located in the far field 

of the antenna. Consideration of the above requirements will 

delineate suitable ranges of frequencies and types of equipment. 

However, the naturally-occuring nonlinearities must function at 

these frequencies in a manner similar to the way they function 

at the f requencies of concern. Specifically, the metal-to-oxide 
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metal contact which is nonlinear at VHF must still be nonlinear 

at the frequency chosen for the directional location tests, 

Tests were run to determine the operation of metal- 

oxide-metal junctions at aird harmonic frequencies up to 6 Gc. 

The results revealed that for fundamental frequencies above 1 Gc, 

the efficiency of the nonlinear mechanism appears to fall off 

rapidly. The oxtcome of these tests, thus, determined to a large 

extent, the restrictions placed on the use of highly directive 

antennas for the purpose of locating specific areas of nonlinearity, 

a, Preliminary Investiqations 

An investigation was performed to determine the 

feasibility of using directive antennas in the upper UHF and 

i i i ic i -uwdve r e y i o n s  to l o c a t e  er ivirur i l i ter l i  iioI-iliIiear juiictioiis 

Pas t  eiiperienze klZS sylGwn that boty ,  the L --...-- 4 L L ' - -  L L Q L ~ ~ ~ ~ L  ~ ~ i r i y  aiiu 

receiving antennas should be directive in order to minimize 

confusion due to reflections while attempting to locate 

nonlinearities, 

Preliminary experiments were performed using a funda- 

mental at 668.5 Mc and receiving the third harmonic at 2005,5 Mc. 

No directive antenna at the fundamental frequency was readily 

available; therefore, a cone antenna having an omnidirectional 

E-plane pattern was used, A horn was used to receive the third 

harmonic generated by a pair of front-to-back diodes in a 

relatively long dipole. Figure 16 shows the positions of the 

antennas for the test. The cross-hatched region shown indicates 

the general area within which the diode-dipole could be detected. 
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Fig. 17 First Model of Helical Antenna Pair 
for Junction Location. 
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A t t e m p t s  t o  e x t e n d  the above r e s u l t s  t o  higher 

f r e q u e n c i e s  w e r e  n o t  a s  s a t i s f a c t o r y .  These e x p e r i m e n t s  w e r e  

pe r fo rmed  u s i n g  a r a d i a t e d  fundamenta l  a t  2100 Mc. T h e  

fundamen ta l  power w a s  s i x  w a t t s ,  w h i c h  w a s  radiated f r o m  a n  

S -band  h o r n .  An X - b n d  h o r n  p l a c e d  a l o n g s i d e  the S b a n d  h o r n  

w a s  u sed  t o  r e c e i v e  the th i rd  harmonic a t  6 , 3  G c .  A microwave 

d iode  i n  a d ipole  which w a s  c u t  t o  a half wave a t  the fundamen- 

t a l  c o u l d  be d e t e c t e d  a t  a d i s t a n c e  of a p p r o x i m a t e l y  s i x  f e e t  

f r o m  the h o r n s .  However, a j u n c t i o n  compr i sed  of t w o  s teel  

screws in  a n y l o n  holder c o u l d  n o t  be : '  :-l-edat a n y  d i s t a n c e .  

T h e  j u n c t i o n  w a s ,  however ,  d r i v e n  n o n l i n e a r l y  by the modula ted  

2 . 1  G c  fundamen ta l  a s  w a s  ev idenced  by the fac t  t h a t  the 1 Kc 

moduiakion E '  -Ld'i c o u l d  be received -*L-- W I L G I I  +-Lo L l l b  UUUI" - i - r J i n  A o t m c t n r  u_u--.+-- 

pLobe W ~ S  coi-ifiected across the j u n z t i c n .  T h e  test r z ~ : ~ l t . :  

i n d i c a t e  tha t  the t h i r d  harmonic g e n e r a t i o n  and  r e - r a d i a t i o n  

a t  these f r e q u e n c i e s  are  a p p a r e n t l y  so i n e f f i c i e n t  that 

p r o h i b i t i v e  amounts  of fundamen ta l  power would be r e q u i r e d  t o  

permit j u n c t i o n  l o c a t i o n .  

b. H e l i c a l  Antenna  Locator 

T h e  r e s u l t s  of the f o r e g o i n g  e x p e r i m e n t s  i n d i c a t e  t ha t  

fo r  the p r e s e n t ,  the f r e q u e n c y  of o p e r a t i o n  f o r  j u n c t i o n  

l o c a t i o n  d e v i c e s  s h o u l d  be r e s t r i c t e d  t o  the l o w e r  UHF band ,  

A n t e n n a s  w h i c h  a re  t o  be u s e f u l  as  j u n c t i o n  l o c a t i o n  d e v i c e s  

s h o u l d  be as  d i r e c t i v e  a s  possible and  of s u c h  a s i z e  as  t o  be 

portable a n d  permi t  the n e c e s s a r y  manuever ing  r e q u i r e d .  F o r  

the f r e q u e n c y  r a n g e  unde r  c o n s i d e r a t i o n ,  it w a s  d e c i d e d  tha t  
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c ax ia l  f i r e  he l ica l  a n t e n n a s ,  which c a n  be made t o  occupy a 

r e l a t i v e l y  s m a l l  volume w i t h  r e a s o n a b l e  beam w i d t h s ,  a p p e a r e d  t o  

be the most s u i t a b l e  a n t e n n a s  t o  u s e .  

The u s e  of hel ical  beam a n t e n n a s  f o r  l o c a t i n g  e n v i r o n m e n t a l  

n o n l i n e a r i t i e s  has the added  a d v a n t a g e  o f  c i r c u l a r  p o l a r i z a t i o n .  

T h i s  i s  a n  a d v a n t a g e  s i n c e  the p o l a r i z a t i o n  of the r a d i a t i n g  

e l e m e n t  a s s o c i a t e d  w i t h  a n y  given e n v i r o n m e n t a l  n o n l i n e a r i t y  i s  

unknown 

Two hel ical  a n t e n n a s  mounted on  a common ground p l a n e  

w e r e  fabricated. T h e  t r a n s m i t t i n g  a n t e n n a  was d e s i g n e d  for  a 

midband f r e q u e n c y  of 440 M c ,  The r e c e i v i n g  a n t e n n a  w a s  d e s i g n e d  

fo r  a midband f r e q u e n c y  of 1 3 2 0  M c .  T h e  d e s i g n  f r e q u e n c i e s  c h o s e n  

f o r  the a n t e n n a s  w e r e  f e l t  t o  be a compromise be tween a n t e n n a  

s i z e  and j u n c t i o n  e f f i c i e n c y ,  F i g u r e  1 7  i s  a p i c t u r e  of t he  

prototype a n t e n n a  p a i r  w h i c h  w a s  c o n s t r u c t e d ,  A m o r e  r u g g e d  

and  maneuverab le  v e r s i o n  has s i n c e  b e e n  c o n s t r u c t e d  and  appears 

i n  F i g u r e  18, 

Tests  i n d i c a t e  a t r a n s m i t t i n g  a n t e n n a  beam w i d t h  of 

approximately 40° w i t h  7 db  g a i n  over a h o r i z o n t a l  d ipole  and  

3 db  g a i n  o v e r  a v e r t i c a l  d i p o l e ,  

beam w i d t h  of approximately 2 3 O  and  1 2  db g a i n  o v e r  a v e r t i c a l  

monopole,  The p a t t e r n  f o r  t he  p a i r  u s e d  t o  exci te  a n o n l i n e a r i t y  

and  r e c e i v e  the r e s u l t a n t  t h i r d  ha rmon ic  i s  approximately the s a m e  

as  the p a t t e r n  fo r  the r e c e i v i n g  a n t e n n a  a lone.  I n  a n  area 

f ree  f r o m  detectable n o n l i n e a r i t i e s ,  the device c o u l d  d e t e c t  

n o n l i n e a r i t i e s  c r e a t e d  by s e v e r a l  t o u c h i n g  armor sheath cables 

T h e  r e c e i v i n g  a n t e n n a  has a 
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FIGURE 18 HELICAL LOCATOR USED I N  

LA?JNCH STRUCTURE TESTS 

I distances up t~ 25 feet .  For  these t e s t s  the fundamental 

power delivered to  the antenna was i n  the order of f ive watts. 

Figure 19 shows thepiecesof armored cable ilsed for the 

t e s t ,  whiie Fiyure 20 shews the  p s i t i o n  of the antenna re la t ive  

to  the cables. 
I 

The antenna pattern measurements revealed that  the two 

helices had side lobes, b u t  they were n o t  high enough t o  impair 

the use of the system as  a locator. A n  e f for t  was made t o  

correct the si tuation by s u r r o u n d i n g  the antennas w i t h  absorbing 

material. However, the absorbing material was also found to  be 

affect ing the main lobe, decreasing the gain to  a level where the 
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FIGURE 19 PIECES O F  ARMORED CABLE TESTED 

FIGURE 20 POSITION O F  LOCATOR WITH RESPECT 

TO CABLES FOR TEST 
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range of the antenna was down to  a few fee t .  Therefore, the 

absorbing material was removed and t e s t s  were continued with the 

or ig ina l  antenna i n  order t o  familiarize the test team with the 

most effect ive manner of using the device. The resolution of 

the locator was such tha t  two junctions ten fee t  apar t  could 

be d i f fe ren t ia ted  a t  a distance of twenty f e e t ,  and two junctions 

three f e e t  apar t  could be d i f fe ren t ia ted  a t  s i x  f e e t ,  

the device closer t o  the nonl inear i t ies  and reducing the radiated 

power, the resolution was even be t te r .  

By moving 
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IV, - FIELD TESTS ON SATURN LAUNCH STRUCTURES 

A ,  First Field Test 

I The first field test was conducted at the outset of the 

program and was planned simply to gain some familiarity with the i 
I 
I 

pro3lem at hand and the types of structures involved at the 

launch complex. Techniques already known at the time, such as 
1 

1 
the audio technique, the local substitution technique, and the 

I loop probe technique, were used in an effort to locate the 

major and most obvious nonlinearities. 

A system consisting of two radiating antennas with 

appropriate power sources and a receiving antenna and receiver, 

was initially set up and tested in a shielded enclosure. It 

was found that a fairly high (approximately 5’2 dk,’.n,eise! 

intermodulation level could be obtaiiied withi?, the enclosure when 

the two soqrces delivered two watts to the antennas, The two 

radiated signals were in the telemetry band, 

Several contributing nonlinearities were found witnin 

the enclosure by various location techniques: however, after all 

nonlinearities which could be found were removed, intermodulation 

was still present (20-30 db/noise), It was,therefore,concluded 

that although the location techniques that were employed could 

locate many excited and contyibuting mnlinearities, all 

contributing environment nonlinearities could not be pinpointed 

by use of those techniques. 

Investigations were conducted into the environment of 

SA-10 at the A-2 :=vel within the clam-shell. Radiated tests 
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w i t h  the system that  had  b e e n  used i n  the e n c l o s u r e  i n d i c a t e d  

e n v i r o n m e n t a l  i n t e r m o d u l a t i o n .  S e v e r a l  categories of s t r u c t u r e s  

w e r e  found  t o  be c o n t r i b u t o r s ;  however,  no  f i xes  of these 

s o u r c e s  w e r e  attempted. T h e  test  tr> v e r i f y  tha t  n o n l i n e a r i t i e s  

w e r e  p r e s e n t  i n  the s t r u c t u r e  w a s  set up  a s  shown i n  F i g u r e  2 1 ,  

T h e  power l e v e l  of each rad ia t ed  s i g n a l  w a s  approximately f o u r  

w a t t s ,  T h e  i n t e r m o d u l a t i o n  l e v e l  r e c e i v e d  w a s  q u i t e  high. 

T o  locate  s o m e  of the c o n t r i b u t o r s ,  the loop probe 

t e c h n i q u e  w a s  u sed .  F i g u r e  22 depicts the f u n c t i o n a l  a r r a n g e m e n t  

of equipment  used  f o r  this  l o c a t i o n  e x p e r i m e n t .  

T h e  s i g n a l  a t  225 M c  w a s  i nduced  by the probe i n t o  

v a r i o u s  s t r u c t u r e s .  

both the 225 M c  s i g n a l  and the 255 M c  radiated s i g n a l ,  a t h i rd  

order p r o d u c t  a t  735 M c  would be g e n e r a t e d  and  s u b s e q u e n t l y  

s e n s e d  by the probe. 

Whenever a n o n l i n e a r i t y  w a s  excited by 

Many j u n c t i o n s  w e r e  found i n  th i s  manner.  T h e  m o s t  

i m p o r t a n t  c o n t r i b u t o r s  w h i c h  w e r e  found are l i s t e d  b e l o w .  

a ,  T h e  l i f e  l i n e s  a round the vehicle - made of posts  
loosely dropped  i n t o  s l o t s  and c h a i n s  between p o r t s .  

b o  An aluminum s c a f f o l d i n g .  

c .  A s m a l l  portable s ta i rway l e a n i n g  a g a i n s t  some 
pipes a l o n g  s i d e  w a l l s  of the service s t r u c t u r e .  

d.  S l i d i n g  p a n e l s  on aluminum t r a c k s .  

e. Bund les  of cables r u b b i n g a p i n s t e a c h  other. 

The cables i n d i c a t e d  i n  ( e )  w e r e  the u m b i l i c a l  cables c o n n e c t e d  

t o  the v e h i c l e .  
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The audio probe technique was a lso  used within the service 

structure. The radiated signal was at 225 Mc modulated by 1 Kc. 

Using this technique, two of the expansion joints on the floor 

could be detected as nonlinear. The sliding panels on aluminum 

tracks were again detected by the audio method, and the junction 

appeared to be at the point where the panel met the track. 

The basic conclusion drawn from the first field test 

was that junctions exist in abundance within the service structure, 

A l s o ,  the location techniques used in the test, while permitting 

the isolation of many nonlinearities, were felt to be inadequate 

for the purpose of completely eliminating, or at least assessing, 

all points of nonlinear generation in such an environment, 

The primary difficulty inherent in the techniques which 

were available for location use during the first test of thz 

launch structures was the local search nature of these techniques, 

The use of such local probing techniques as the only method of 

locating nonlinearities requires considerable human judgment and 

experience. The size of the structure being investigated renders 

;r square-inch by square-inch search of the environment prohibitive, 

Consequently, potential areas of nonlinear occurrence must be 

determined by visual inspection. These chosen areas can then be 

investigated in detail using the local probe techniques. 

There are two obvious limitations to the above approach, 

The first is that areas of actual nonlinearity are not always 

apparent by visual inspection. The second is that without the 

realization that a nonlinearity does indeed exist in an area 
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being probed, the possibility of missing a junction that is 

difficult to excite with the probe is always present. 

The realization of the limitations on the use of local 

probe techniques alone for locating environmental nonlinearities 

prompted the investigation into the use of various omnidirectional 

and directional techniques for determining the location of 

contributing nonlinearities. These efforts, which have been 

described in a preceding section of this report, resulted in the 

development of the helical locator. The use of this device in 

conjunction with the local probe techniques circumvents the 

limitations inherent in the use of the local probe techniques 

b'7 themselves. Namely, local probing is only necessary in areas 

that are determined to contain excited mnlinearities, thus 

obviating the visual assessment of the most critical areas; the 

certainty that a nonlinearity exists in a local area increases 

the likelihood of finding that particular source by the 

techniques available for local probing. The use of the above 

procedure f o r  investigating typical launch structures is 

u ~ ~ c L ~ ~ ~ ~  ir, t h e  fc?llowing section. 

B. Second Field Test 

1. Umbilical Tower Tests 

3----<'I , ,J  

The purpose of the second series of tests at Cape 

Kennedy, which were conducted from August 31, 1965 through 

September 3 ,  1965, was to further assess location techniques 

which had been developed and to illustrate the occurrence of 

significant electrical nonlinearities in a physical environment 
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i n  which construction practices are not ta i lored  t o  preclude the 

incidence of such nonl inear i t ies .  

T o  locate  general nonlinear areas  the narrow bsam 

~ 

hel ica l  antenna was used t o  transmit a r e l a t ive ly  high power 

I signal (two w a t t s ) ,  and another he l ica l  antenna was used t o  

1 receive the th i rd  harmonic signal generated by the nonl inear i t ies  
1 

I located i n  the beam of the antennas. 
I 

To pinpoint mixing points,  a small loop was used t o  

i r r a d i a t e  loca l  areas w i t h  a fundamental signal and  t o  sense the 

re-radiated third harmonic from junctions excited by the 

I fundamental s ignal ,  A n  audio probe w a s  a l so  used a t  times, 

I n i t i a l  t e s t s  were conducted on the th i rd  level  of the  

%r.bilical tower a t  complex 37B,  For t h i s  s e t  of t e s t s  the 

only frequency available fo r  use with the he l i ca l  locator was 

530 Mc, The equipment was instal led on leve l  3 of the tower, 

which i s  f iush  w i i l i  the zozcrete pad where the vehicle normally 

si ts .  Visual observations indicated tha t  th i s  par t icular  leve l  

appeared t o  be r e l a t ive ly  f r e e  of obvious points of potent ia l  

nonlinearity. 

i 

A search pattern w a s  astablished by placing the he l i ca l  

locator  near the center of the leve l  and radiating a signal of 

approximately two watts toward the periphery of the s t ructure ,  

A t h i r d  harmonic signal was received when the antenna vas 

pointing toward a s e t  of four cable raceways running up along 

s ide  the  umbilical tower. 
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These galvanized s t e e l  raceways were made of two parts:  

a U-shaped section i n  which the cables were inserted and a cover 

tha t  formed the fourth s ide of the raceway. The cover was 

attached to  the U-shaped section with spring-loaded c l ips .  By 

use of the he l i ca l  locator ,  i t  was determined tha t  a contribution 

t o  the t o t a l  interference signal was being made by each of the 

four raceway covers. By applying pressure on the cover of the 

raceway, it was possible t o  eliminate the contribution from t h a t  

cover. T h u s ,  i t  appeared t h a t  the mixing point was the j o i n t s  

between the cover and the main body of the raceway. However, it 

was found l a t e r ,  t ha t  the c l i p s  holding the covers were the 

major eoii tr ibutsrs I 

The search w a s  continued i n  a clockwise manner and a 

very high level  of th i rd  harmonic was received when the antenna 

was pointing a t  some s m a l l  pipes running ve r t i ca l ly  next to  

the raceways. The mixing poizit -,as Selieved t o  be the j o i n t s  

between the pipes and the brackets holding them t o  the s t ruc ture  

a t  various in te rva ls .  These j o i n t s  were very rusty and could 

conceivably c rea te  p a r t i a l  contacts, These sate pipes were 

connected t o  other b r i z o n t a l  pipes i n  a c h  a way a s  t o  form 

loops which then became ef fec t ive  receiving and transmitting 

antennas. By applying pressure t o  these pipes,  i t  was possible 

t o  e i t h e r  eliminate the signal completely or  obtain a signal 

of the order of 30 db above the noise. 
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Next, the he l i ca l  locator was directed toward the 

accordian door leading t o  the elevator. The door proved t o  be 

very nonlinear and the nature of the signal was very e r r a t i c .  

T h i s  was not surprising because of the numerous s l id ing  and 

p a r t i a l  contacts i n  the door i t s e l f  and between the door and 

the s t ructure .  Again, simply by touching the door s l i g h t l y ,  

the signal could be increased or decreased a t  w i l l .  

F inal ly ,  the only other place tha t  gave any th i rd  

harmonic response on the third level was where two six-inch 

water pipes were attached to  the tower w i t h  s t e e l  brackets. The 

contact between the bracket and the pipe was rusty and the 

he l i ca l  locator indicated t h a t  the mnl i r r ea r  source was the 

pipe-bracket junction. 

a s  possible,  eliminated almost a l l  of the s igna l ,  but the 

nonlinearity was re-established when the pressure on the pipes 

was released. 

i.iovener,t zf the pipe, a t  l e a s t  a s  much 

This completed the t e s t s  on the th i rd  l eve l ,  having shown 

c l ea r ly  t h a t  the he l ica l  locator was functioning properly. 

Tests were then resuned on another portion of the same 

s t ructure .  A careful  visual examination of the s t ructure  found 

t h a t  the eleventh level  was a typical one and the r e s u l t s  obtained 

there  would probably reflect  the s i tua t ion  a t  other levels.  

Figure 23 shows a sketch of t ha t  level.  

The frequencies assigned for  this  group of t e s t s  were 

M c  t o  be used i n  connection w i t h  the he l i ca l  locator and 4 -  n 

235 Mc to  be used i n  the loop probe location technique. The 
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I 

experiment was planned i n  the following way. F i r s t ,  using the 

direct ional  antenna, a l l  the areas containing nonlinear points 

would be systematically located and then, using the loca l  probe 

technique, the exact mixing points would be pinpointed i f  

possible. 

The f i r s t  nonl inear i t ies  located on the eleventh leve l  

were i n  a shower chain hanging down ve r t i ca l ly .  By moving the , 

chain, the received th i rd  harmonic signal level  could be 

changed considerably. The small loop technique l a t e r  showed 

tha t  the junctions were between the l i n k s .  

When the antenna was directed toward the corner of the 

tcwer 7 7t the point Where the  platform was attached to  the  

- s+ru.cti_i-rej -- a small signal was received. The only item which 

appeared t o  be potent ia l ly  nonlinear by visual observation i n  

t ha t  general area was a removable guard r a i l  t ha t  was s l i d  i n to  

holes. However, moving the guard r a i l  d i d  iiot affect the s i g n a l .  

The small loop probe could not detect  any junction e i the r .  We 

were then led t o  believe t h a t  e i ther  the s t ructure  could n o t  be 

excited properly with the loop probe or t h a t  the he l i ca l  locator 

was responding to  re f lec t ions .  I t  was found previously t h a t  

pa r t i cu la r ly  la rge  s t ructures  are d i f f i c u l t  t o  exci te  with the 

small probe, and tha t  the orientation of the probe has t o  be 

j u s t  r i g h t  i n  order t- -2 proper currents  i n  the s t ruc ture .  

The search f o r  junctions was continued by pointing the 

h e l i c a l  locator a t  the cable raceways of the type t h a t  were found 

t o  be nonlinear a t  the th i rd  level. They appeared t o  be even 
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worse than the ones on the th i rd  level .  There were four 

raceways, b u t  i t  appeared tha t  n o t  a l l  of them were contributors 

t o  the received interference. By decreasing the  power leve l  and 

moving the he l i ca l  locator closer t o  the raceways, it was 

possible t o  t e l l  which one of the raceways was contributing the 

most. By applying pressure on the cover of t ha t  par t icu lar  

raceway, the signal could be completely eliminated. The small 

loop probe revealed tha t  t he  major offenders i n  t h i s  case were 

the c l i p s  holding the covers on the main body of the raceway. 

The p a r t i a l  contacts between the covers and the main body were 

a l so  contributing b u t  not nearly a s  much a s  the c l ips .  

Next t o  the cable raceways were a number of rubber-covered 

electrical cables gcinrr l l n  aInng side +_he tower, These cables 

were attached t o  the  s t ruc ture  a t  various points with special  

c l i p s  tha t  were affixed to  small U-shaped cross beams cal led 

unis t ruc t ,  which supported the cables. The c l i p  was inserted 

sideways in to  the U-shaped unis t ruc tandro ta ted  l/’4 of a t u r n  

t o  lock it i n  place. The contact between the c l i p  and the 

unis t ructwas, therefore ,  only a pressure f i t  which might become 

nonlinear through exposure t o  the sa l ine  atmosphere. A s l i g h t  

movement of the cables affected the received s ignal  immensely. 

3 -.r ----- 

The small loop probe technique corroborated the f a c t  

t ha t  the  mixing point was a t  the points between the c l i p s  and 

the unis t ruc t ,  I n  tha t  par t icular  s t ructure  most c l i p s  were 

nonlinear. When the small loop probe t e s t  was r u n ,  it was found 

t h a t  t h e  fundamental signal could be induced d i r ec t ly  in to  the 
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rubber-sheathed cable at about two feet from any junction point 

and a third harmonic signal still could be generated. This 

meant that the fundamental signal induced in the cable was 

coupling capacitively to the clip and then conductively to the 

unistrl:-ct to create the third harmonic signal which, in turn, 

was coupled capacitively to the cable back to the loop probe. 

Again on this floor, the accordian door leading to the 

elevator was found to be very nonlinear. The door structure it- 

self was a big bundle of junctions. The door structure was made 

of 15 vertical aluminum strips attached to each other by other 

cross strips, with the 

point, plus four sliding contacts holding the door in place. 

simply by moving t h e  door slightly t he  l eve ls  would easily change 

from 0 to 40 db above the noise. Using the small loop probe, a 

significant number of junctions could be detected: and by touching 

the door slightly, a junction could be created just about every- 

where that there was a contact of some sort. This door i x d z  a 

possibility of a bad junction at each 

very good receiving and transmitting antenna, with all of its 15 

bars in the vertical plane. Thesituation was similar at all levels. 

It was next found that a strong third harmonic signal was 

received while the antenna was pointing toward a group of seven 

four-inch pipes running up the side of the tower. There were a 

group of two and a group of five pipes. When the antenna was 

pointing toward the group of five pipes, the signal received was 

very strong. The angle of the antenna led us to believe that the 

contributing junction could be between the pipes and the 
platform, since the pipes were going through holes 
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i n  the platforms. The holes were not perfect ly  round b u t  had an 

i r regular  shape, having been cu t  with a torch. Since the holes 

were not much larger  than the pipes, a s l i g h t  movement of the 

platform could cause a contact bedween the pipes and the platform, 

thus, generating an interference signal,  

By using the small loop probe afterward t o  corroborate the 

findings,  it was found t h a t t h e  signal was not generated between 

thepiT2sand the platform, b u t  rather by a small one-inch pipe 

running behind the large ones and pa ra l l e l  t o  the f loor .  This 

small pipe was periodically attached t o  the platform with the 

type of c l i p s  described previously. I t  was found tha t  i n  three 

o u t  of four cases the j o i n t  between the pipe and the c l i p  was 

nonlinear. 

By using the small loop probe, it was possible t o  

corroborate a l l  the findings of the direct ional  he l i ca l  antenna, 

and a l so  it  was possible to f i n d  ~ t k r  j u n c t i c n s  left undetected 

by the  d i rec t iona l  antenna. One reason for  t h i s  i s  tha t  i t  i s  

possible t o  excite mnl inea r i t i e s ,  by close coupling with the 

loop, which w i l l  not be excited by a radiated field due t o  thz 

absence of an e f fec t ive  antenna associated with the  nonlinearity. 

The points  which were found t o  be nonlinear when excited with 

the loop probe b u t  d i d  n o t  respond t o  exci ta t ion by the he l i ca l  

locator  a r e  described i n  the following paragraphs. 

The wire mesh on both sides of the elevator door showed 

many nonlinear points. IJany of the points between the interlaced 
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wire were making p a r t i a l  contacts, thus, creat ing nonlinear 

j unctions . 
Further investigation of the removable guard r a i l s  

showed that  the chain attached to the pin which locked the guard 

r a i l  i n  place was the main contributor from the guard r a i l .  

The three hinges on the  small gate which guarded the 

opening t o - t h e  ladder leading t o  the next leve l  appeared t o  be 

a good mixing point. They were not detected previously by the 

d i rec t iona l  antenna because they were very close t o  the 

accordian door, and the signal from the door masked the signal 

coming from the hinges. 

One of the a i r c r a f t  warning l i g h t s  was found t o  be 

nonlinear by use of the loop probe. The junction was between 

the top cover and the main  body of the l i gh t .  The cover was 

only s l i d  over the body and p a r t i a l  contacts were created by the 

oxide formed on the surfaces. This par t icu lar  junction would 

probably be of minor importance, since it i s  not located i n  a 

s t ruc ture  capable of re-radiating a signal e f f ic ien t ly .  

F ina l ly ,  on tha t  l e v e l ,  there  were only two v is ib ly  

poten t ia l  nonl inear i t ies .  These were two s t e e l  cables,  one 

attached between the  southeast and southwest corners of the 

tower, the other between the northeast and northwest corners. 

These cables were rapped around the corner beams and insulated 

from it. Figure 2 4  shows how they were attached and where the 

junctions were. These junctions showed very strong t o  the loca l  

probe b u t  were too f a r  away fo r  the d i rec t ive  antenna t o  locate 
them. 
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These cables w e r e  riiaking v e r y  good h o r i z o n t a l l y  p o l a r i z e d  

a n t e n n a  s 

A f t e r  almost a l l  o f  the r t ix ing  p o i n t s  on tha t  l e v e l  w e r e  

1 located,  it appea red  r e a s o n a b l e  t o  i n v e s t i g a t e  how these 

j u n c t i o n s  would c o n t r i b u t e  to  the i n t e r f e r e n c e  envi ronment  o f  a 

p a r t i c u l a r  a n t e n n a  c o n f i g u r a t i o n  a t  a p a r t i c u l a r  f r equency .  

I t  w a s  b e l i e v e d  that  i n  a p a r t i c u l a r  s i t u a t i o n ,  g i v e n  a 

f r e q u e n c y  and a set  of a n t e n n a s ,  a very s m a l l  number o f  the 

j u n c t i o n s  a c t u a l l y  c o n t r i b u t e  t o  the r e c e i v e d  s i g n a l ,  This 

c o n c l u s i o n  w a s  based on the n a t u r e  of the r e c e i v e d  i n t e r f e r e n c e  

s i g n a l  w h i c h  no rma l ly  i s  c o n t i n u a l l y  v a r y i n g  o v e r  r a n g e s  of 6 

t o  1 0  db. Such a v a r i a t i o n  s u g g e s t s  tha t  a r e l a t i v e l y  large 

p e r c e n t a g e  of the r e s u l t a n t  i n t e r f e r e n c e  signal w a s  c oiiti-ibiitd 

t o  by a r e l a t i v e l y  s m a l l  p e r c e n t  of the available n o n l i n e a r i t i e s ,  

The changes  n o t e d  i n  the r e c e i v e d  s i g n a l  w e r e  caused  by a non- 

l i n e a r i t y  c h a n g i n g  s t a t e  or  s h i f t i n g  t o  a new character is t ic .  

I f  the composite i n t e r f e r e n c e  s i g n a l  w a s  b e i n g  c o n t r i b u t e d  t o  

by many n o n l i n e a r i t i e s ,  the e f f ec t  of a g i v e n  n o n l i n e a r i t y  

c h a n g i n g  s t a t e  would be masked by the other c o n t r i b u t o r s ,  i .e . ,  

the other m n l i n e a r i t i e s  w o u l d  t e n d  t o  a v e r a g e  o u t  the s i g n a l .  

I n  a n  e f f o r t  t o  c o r r o b o r a t e  the above  hypothesis, a pair  

of ve r t i ca l  dipole  a n t e n n a s  were mounted in the midd le  of the 

platform a t  the e l e v e n t h  l e v e l .  One d ipole  w a s  se t  a t  235 Mc t o  

be used  as a t r a n s m i t t i n g  a n t e n n a ,  the o t h e r  o n e  se t  a t  705 Mc 

t o  be used  a s  a r e c e i v i n g  a n t e n n a .  W i t h  the power l eve l  set a t  

eight w a t t s ,  a n  e n v i r o n m e n t a l l y  g e n e r a t e d  t h i r d  ha rmon ic  s i g n a l  
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a t  705 M c  w a s  received. T h i s  s i g n a l  w a s  g e n e r a t e d  i n  ei ther a 

f e w  or a l l  of the j u n c t i o n s  a l r e a d y  found  o n  tha t  l e v e l .  

D i s t u r b i n g  each j u n c t i o n  i n  t u r n ,  i t  w a s  f o u n d  t ha t  the a c c o r d i a n  

door w a s  a major c o n t r i b u t o r .  S i n c e  the door w a s  impossible t o  

remove, both t r a n s m i t t i n g  a n d  r e c e i v i n g  a n t e n n a s  w e r e  changed  

t o  h o r i z o n t a l  p o l a r i z a t i o n  t o  r e d u c e  the effects  of the door. 

A g a i n  a s t r o n g  s i g n a l  w a s  r e c e i v e d .  D i s t u r b i n g  each of the 

j u n c t i o n s  i n  t u r n ,  it w a s  possible t o  a t t r i b u t e  the great majority 

of the s i g n a l  received t o  the two steel  cables attached b e t w e e n  

the c o r n e r s  of the t o w e r .  There w e r e  a t o t a l  of f o u r  j u n c t i o n s  

i n  the t w o  cables, t w o  per cable  a s  i s  shown i n  F i g u r e  24. 

nr, " ~ , ~  of LI---- Lllu3G f,,, tllrnaa L.uL.Lbu ~ ~ c l t  tc! he mi~ch worse t h a n  the others: 

the o n e  close t o  the s o u t h w e s t  c o r n e r s  of the tower. 

i s o l a t i n g  the steel  cable f r o m  the cross beam, the r e m a i n i n g  

j u n c t i o n s  appeared to  be c o n t r i b u t i n g  a n  i n s i g n i f i c a n t  

i n t e r f e r e n c e  l e v e l .  C o n s e q u e n t l y ,  the major c o n t r i b u t o r  i n  tiid1; 

p a r t i c u l a r  case had b e e n  found .  T h i s  does n o t  i n d i c a t e  that  the 

cables w e r e  the o n l y  s i g n i f i c a n t  n o n l i n e a r i t i e s  b u t  that  they 

w e r e  the w o r s t  o f f e n d e r s  i n  that p a r t i c u l a r  case of f r e q u e n c y ,  

a n t e n n a  l o c a t i o n ,  a n d  p o l a r i z a t i o n .  Therefore, if the 

s i g n i f i c a n t  n o n l i n e a r i t i e s  w i t h i n  a s t r u c t u r e  are t o  be f o u n d ,  the 

search w i l l  have t o  be conduc ted  by u s i n g  s i g n a l s  r a d i a t i n g  i n  

a l l  p o l a r i z a t i o n s  o r  by u s i n g  a c i r c u l a r l y  polarized wave i n  

order t o  excite a l l  the j u n c t i o n s .  The he l ica l  a n t e n n a  u s e d  

d u r i n g  t h i s  f i e l d  tes t  w a s ,  t h e o r e t i c a l l y ,  c i r c u l a r l y  polarized. 

B y  
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However, antenna patterns showed tha t  i t  was rather  e l l i p t i c a l l y  

polarized and, improved performance of t h i s  device fo r  location 

purposes could probably be effected i f  the polarization were 

improved . 
2.  Clam-Shell Tests 

Tests were r u n  within the clam-shell on complex 3 4 ,  where 

a Saturn 1 B  vehicle was being erected. Because of the great  

a c t i v i t y  on t h i s  pad, the choicecf a s i t e  t o  conduct the test 

was governed by the inac t iv i ty  a t  the level  chosen, which was 

level  A - 3 .  The tower had j u s t  been recently put back i n  operation 

a f t e r  a period of i nac t iv i ty ,  and it appeared t o  be very clean 

t o  the point t h a t  i t  was doubtful t h a t  any junctions could be 

found . 
The direct ional  antenna was used i n i t i a l l y  t o  locate  

areas of nonlinearitie-s. ,The f i r s t ,  and cer ta in ly  the worst, 

offenders were the removable guard r a i l s  encircling the vehicle. 

The junction was the p a r t i a l  contact between the legs of the 

guard r a i l  and the receptacle into which they were dropped. 

Most of those j o i n t s  were found t o  be nonlinear and capable of 

generating s ignif icant  interference. I t  i s  suggested t h a t  

immediate a t ten t ion  be given t o  eliminating these nonl inear i t ies  

on l eve l s  subject t o  vehicular radiation. The subst i tut ion of 

f iberg lass  s tant ions with nylon l i f e  l i nes  i s  a simple 

solution t o  t h i s  problem. 

The bundle of cables coming from the umbilical tower 

were a l s o  investigated and found t o  be serious offenders. Some 
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of the cables w e r e  c o v e r e d  w i t h  p r o t e c t i v e  metall ic b r a i d ,  and  

their  r u b b i n g  a g a i n s t  each other created pa r t i a l  c o n t a c t s ,  which, 

i n t u r n ,  g e n e r a t e d  the u n d e s i r e d  s i g n a l .  I t  w a s  found that  it 

took a very s m a l l  movement of the cables a g a i n s t  each other t o  

create very e f f i c i e n t  m i x i n g  points.  The breeze f r o m  the o c e a n  

w a s  s u f f i c i e n t  t o  d i s t u r b  the cables enough t o  g e n e r a t e  large 

th i rd  harmonic  s i g n a l s .  

Two other s imilar  braided cables, o n e  c a r r y i n g  w a t e r  and  

the other p r e s s u r i z e d  a i r ,  w e r e  found t o  be r u b b i n g  a g a i n s t  each 

other and  g e n e r a t i n g  high t h i r Z  harmonic  s i g n a l s .  These cables 

w e r e  p r e s e n t  a t  a l l  l eve l s ,  s i n c e  they w e r e  part  of the f i r e  

e x t i n g u i s h i n g  equ ipmen t ,  and t h e y  formed good a n t e n n a s  b e c a u s e  

they hung v e r t i c a l l y .  

Again  i n  t h i s  s t r u c t u r e ,  the s m a l l  U-shaped beams called 

u n i s t r u c t ,  w h i c h  are n o r m a l l y  used a s  brackets t o  s u p p o r t  cables, 

w e r e  found  t o  be n o n l i n e a r ;  the j u n c t i o n s  b e i n g  between the c l i p  

attached t o  the cable o r  the p i p e  and  the u n i s t r u c t .  

on  pad 34 those p o i n t s  w e r e  n o t  n e a r l y  a s  bad  as  they w e r e  in 

the umbilical tower of complex 37 ,  m a i n l y  b e c a u s e  the t o w e r  

had j u s t  been  c l e a n e d  and r e p a i n t e d .  

T h e  metallic p a n e l s  s u r r o u n d i n g  the t o w e r  w e r e  a l so  

However, 

i n v e s t i g a t e d .  On the p r e v i o u s  f i e l d  t e s t ,  s i m i l a r  p a n e l s  w e r e  

found  t o  be loose and pa r t i a l  c o n t a c t s  be tween a d j a c e n t  p a n e l s  

w e r e  a c t i n g  as  good mix ing  p o i n t s .  Bu t  on  complex 34 the p a n e l s  

w e r e  v e r y  t i g h t ,  and  a l t h o u g h  some p o i n t s  c o u l d  be d e t e c t e d  
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where the pa r t i a l  c o n t a c t s  between two a d j a c e n t  p a n e l s  w e r e  

c r e a t i n g  n o n l i n e a r  s i g n a l s ,  t h e y  w e r e  n o t  major o f f e n d e r s .  I t  

must  be remembered, however ,  tha t  the s a l t y  atmosphere of tha t  

r e g i o n  can  q u i c k l y  d e t e r i o r a t e  such  a s t r u c t u r e ,  and u n l e s s  the 

s t r u c t u r e  i s  c o n s t a n t l y  m a i n t a i n e d ,  problems of j u n c t i o n s  may 

arise q u i c k l y .  

W i t h  the local probe, it w a s  found that  some of the 

h i n g e s  on the p o r t i o n  of the p2atform immedia t e ly  s u r r o u n d i n g  

the vehicles w e r e  n o n l i n e a r .  The same w a s  found  i n  the p r e v i o u s  

f i e l d  tes t  on pad 3 7 .  

F i n a l l y ,  u s e  of the l o c a l  loop probe showed a n y  type of 

c h a i n  t o  be n o n l i n e a r .  Normally the j u n c t i o n  between each l i n k  

w a s  n o n l i n e a r .  A small &ain  w i l l  n o t  always be a s e r i o u s  

problem, b u t  i n  a p a r t i c u l a r  case a c h a i n  c o u l d  c a u s e  s i g n i f i c a n t  

i n t e r f e r e n c e .  

I n  summary, the p u r p o s e  of the f i e l d  test  w a s  t o  

d e m o n s t r a t e  the capability of l o c a t i n g  p o i n t s  of i n t e r f e r e n c e  

g e n e r a t e d  by n o n l i n e a r i t i e s  w i t h i n  the service s t r u c t u r e s .  U s e  

of the hel ical  locator t o  i so l a t e  s m a l l  areas w i t h i n  w h i c h  

n o n l i n e a r i t i e s  e x i s t ,  and u s e  of the local  probes t o  p i n p o i n t  

the n o n l i n e a r i t i e s  w i t h i n  these areas e n a b l e d  a s i g n i f i c a n t  

number of n o n l i n e a r i t i e s  t o  be found. The n o n l i n e a r i t i e s  

found  i n  the t w o  f i e l d  t es t s  w e r e  n o t  "f ixed",  therefore, it w a s  

n o t  possible t o  d e t e r m i n e  whether a l l  s o u r c e s  capable of c o n t r i -  

b u t i n g  i n t e r f e r e n c e  t o  a v e h i c u l a r  system had  been  located. I t  

i s  b e l i e v e d ,  however ,  tha t  a p p l i c a t i o n  of the l o c a t i o n  t e c h n i q u e s  
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and d e v i c e s  deve loped  on the program w i l l  permit a l l  s i g n i f i c a n t  

s o u r c e s  of s t r u c t u r e - g e n e r a t e d  i n t e r f e r e n c e  t o  be l o c a t e d .  
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v. CONCLUSIONS AND RECOMMENDATIONS 

1. Steel remains nonlinear to at least within the VHF band. 

However, due to the high current concentrations required 

to generate intermodulation products, it is believed that 

the interference contribution of steel at VHF-UHF 

frequencies is secondary to that of nonlinear contacts. 

2. Nonlinear contacts between metallic surfaces are quite I 

easily formed and excited at VHF and lower UHF frequencies. 

Interference due to such nonlinearities is potentially 

severe due to the efficiency with which such interference 

can be re-radiated for structural components of reasonable 

physical size. 

I 

3 .  Experiments indicate that the efficiency of contact 

nonlinearities decreases quite rapidily as a function 

of frequency in the upper UHF band. Harmonics of 

freqiencies above 1 or 2 Gc are difficult to generate 

and receive. However, interference to sophisticated 

systems within this frequency range possessing high 

powered transmitters: sensitive receivers; and high 

gain antennas is not i.-conceivakle, Also, intermodulation 

products falling within the VHF and lower UHF bands which 

are created by fundamental frequencies in the upper UHF 

band solely or in combination with lower frequency 

fundamentals could at times pose a significant problem. 
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4 .  Two primary techniques have been used to pinpoint a 

contributing mnlinear junction, The first is by use 

of an audio probe which is, in effect, a sensitive audio 

amplifier. When a modulated RF fundamental current flows 

through a nonlinear junction, the nonlinearity acts as 

a detector, poducing an audio component proportional 

to the modulation, The audio potential developed across 

the nonlinearity is sensed by the audio probe,thereby 

giving an indication of the presence of the nonlinearity. 

5 .  

The second method used to pinpoint the location of a 

nonlinearity is by the use of a small loop probe, A 

driving signal in the VHF band is fed to the probe. When 

the probe is brought into the near proximity of a 

nonlinearity, the third harmonic of the driving signal 

is created and, in turn, sensed by the probe. This 

method h s  heen f o m d  tc? bp quite effective in locating 

nonlinearities when it is known that a nonlinearity 

exists within a given search area of limited size. 

The use of the audie locator and t h e  loop probe technique, 

while being very useful to pinpoint sources of nonlinearity, 

are not suited for a general search of a large area 

unless they are complemented by techniques which are 

capable of locating nonlinearities in a more coarse sense. 

Research on the program has permitted many of the require- 

ments for an intermediate distance locator, which comple- 

ments the function of the audio and loop probe, to be - -  
delineated. 
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6 .  Practical experience has shown that within a confined 
1 

I 
I structure, such as the clam-shell, where many reflecting 
I 

surfaces exist, it is quite difficult to determine the 

approximate location of a nonlinearity from a distance 

unless both directional transmitting and receiving 

systems are used. 

7. Investigations disclosed that for a practical intermediate 

distance locator, a compromise is necessary between the 

use of quite high frequencies for which highly portable 

and directive antennas can be obtained, and the use of 

lower frequencies for which the nonlinearity efficiency 

is sufficient to insure a positive location scheme. The 

frequency range chosen for the fundamental signal in the 

intermediate distance location scheme was 300 to 500 Mc. 

8 .  Nonlinearities which form in the environment only give 

rise to interference when they are associated with a 

physical structure which can be excited by the transmitted 

signal ( s )  and can, in turn, efficiently re-radiate the 

resultant mnlinear product signals. Since the effective 

polarization of such a physical structure is a random 

variable, a practical intermediate distance locator should 

be circularly polarized. 
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9. A circularly polarized, portaSle, intermediate distance 

locator, having a fundamental design frequency in the 

300 to 500 Mc band was designed and fabricated. The 

device detects nonlinearities by the re-radiated third 

harmonic of the fundamental frequency. The locator 

consists of two axial mde helical antennas mounted on 

a common ground @ane. The antennas can b e  rotated 

360° and directed to almost any vertical angle. The 

antenna mount is on wheels to facilitate maneuvering 

within the service structure. 

10. Use of the intermediate distance helical locator in 

conjunction with the audio detector and loop probe 

permitted many nonlinearities within a typical launch 

service structure to be pinpointed. 

11 . It is believed that the search procedure and devices 

which have been developed would enable all contributing 

environmental nonlinearities within pertinent areas of 

a service structure to be pinpointed; however, since no 

fixe: were made during the service structure tests which 

have been conducted, complete assurance that all 

contributors can be found by these techniques is not 

possible at this time. 

a validation test is necessary. For such a validation 

If such assurance is to be had, 

'test, all nonlinearities which can be found by the 

available techniques should be fixed. An actual 

vehicular system or reasonable simulation should be used 
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t o  assess the i n t e r f e r e n c e  r e d u c t i o n .  Such  a n  approach 

would: 1) P r e c l u d e  a g a i n s t  n o n l i n e a r i t i e s  w h i c h  are n o t  

excitable by the search sys t em,  2 )  S e r v e  as  a c h e c k  on 

the r e l e v a n c y  of the n o n l i n e a r  s teel  phenomenon, 3 )  Serve 

as a n  a d d i t i o n a l  check on v e h i c u l a r  system l i n e a r i t y .  

A l t h o u g h  the hel ical  loca tor  f u n c t i o n s  w e l l ,  it i s  b e l i e v e d  

that  i t s  r e l i a b i l i t y  c o u l d  be i n c r e a s e d  by f u r t h e r  t e s t i n g  

a n d  possible m o d i f i c a t i o n s .  

men t s  h a v e  b e e n  made on the m i t  w h i c h  w a s  c o n s t r u c t e d .  

Also, it i s  known tha t  both the t r a n s m i t t i n g  and  r e c e i v i n g  

a n t e n n a s  have  a c e r t a i n  amount of e l i p t i c i t y ,  F u r t h e r  

c h a r a c t e r i z a t i o n  of the o v e r a l l  p a t t e r n  and improvement 

of the p o l a r i z a t i o n  would permit the d e v i c e  t o  be used  

m o r e  e f f e c t i v e l y  i n  the f i e l d .  

The  r e s u l t s  of the t e s t i n g  a t  Cape Kennedy have i n d i c a t e d  

b r o a d  categories 01 itei-ils o r  ccnstructizn practices w h i c h  

c o n s i s t e n t l y  g i v e  r i s e  t o  i n t e r f e r e n c e  g e n e r a t i o n  when 

s u S j e c t e d  t o  s t r o n g  rad ia ted  f i e l d s .  A p a r t i a l  l i s t  of 

g r o u p s  of i t e m s  which,due t o  their  nature, exhibit a 

high probabili ty of c o n t r i b u t i n g  t o  the i n t e r f e r e n c e  

env i ronmen t  whereve r  t h e y  o c c u r  are: 1) P i p e s ,  hoses, and  

cables w h i c h  are c o v e r e d  by armored b r a i d ,  

w h i c h  are  n o r m a l l y  r u n  i n  a g r o u p  or  b u n d l e ,  have a high 

probabili ty of g e n e r a t i n g  i n t e r f e r e n c e  wherever they t o u c h  

o n e  a n o t h e r .  2 )  Brackets and  clamps, s u c h  as  g n i a t r u c t  

w h i c h  i s  used  t o  a f f i x  p i p e s  and cables t o  the main 

12, 

Only  r o u g h  p a t t e r n  measure-  

13. 

These cables, 
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structure,are likely to form a nonlinear contact with the 

pipe or cable that they are holding, 3) Cable raceway 

covers can contribute to the interference environment due 

to the contact with the raceway housing proper. The 

clips used to secure the cover to the raceway have also 

been found to be a consistent source of difficulty, 

4) The removable guard rails which encircle the vehicle 

were the strongest sources of interference found in the 

service structure. The nonlinear junction is the partial 

contact between the legs of the guard rail and the 

receptical into which they are fitted, 

L - 3 0  1 A  T h e  research program has permitted the identification of 

broad categories of construction techniques, as listed 

above, to be classified as undesirable from the standpoint 

of interference generation, However, these individual 

categories have riot been Lnvcstig=ted in sufficient detail 

to permit specification of acceptable construction 

modifications, It is suggested that such an investigation 

be performed, the results of which wocld specif17 construc- 

tion modifications acceptable from both an interference 

standpoint and from the standpoint of not degrading the 

normal function of the device to which the modification 

is applied. 

15 e The establishment of blanket modifications to be made on 

broad categories of construction techniques as is suggested 

above will greatly help in the control of environment 
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generated interference; however, there will always be items 

which contribute to the interference environment and which 

do not f a l l  into any of the known categories. These 

contributors will necessitate rectification on an 

individual basis. To assist in handling such cases, 

which may become evident during critical periods, such as 

during system countdown, it is suggested that additional 

research be conducted to devise methods for rapidly 

assessing the environment and determining thesz points of 

nonlinearity. Such techniques would desirably not require 

large amounts of equipment and conceivably could be 

developed to pinpoint only  those nonlinearities which 

contribute to a particular interference frequency and 

which are excited by only certain vehicular systems. 

APPROVED: 

J .A .  Granath, Director 
Electronics Research 

Respectfully submitted, 
I I T  RESEARCH INSTITUTE 

I 

b1.J. (B’razier ,&sociate Engineer 
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APPENDIX A 

NONLINEAR JUNCTION LOCATOR 
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PURPOSE 

Nonlinear junctions in the physical environment of 

transmitter/receiver installations can cause generation of 

spurious interfering frequencies when transmission and recep- 

tion occur simultaneously. These nonlinearities can occur 
i 
~ 

I when metallic junctions are rusted, oxide-coated, corroded, or 

loosely-touching. 
* 

Instrumentation has been developed in the past for 

locating nonlinearities in low-impedance circuits such as in 

luupa o r  i:: f l a t  sheets of metal, qrills, etc. Such instru- 

mentation operates inefficiently when the nonlinearities are 

located in high-impedance circuits such as whip antennas or 

loosely-touching, oxide-coated surf aces e 

1 ---- 

The device to be described has been  dzvelzpec? tn det.ect 

such high-impedance nonlinearities. 

METHOD OF OPFRATION 

The basic device is shown in Figure 14-1 and corisists of a 

tone modulated RF signal source directly feeding a simple diode 

detector, the diode detector being the junction suspected of 

nonlinearity. 

~~ ~ 

x 
Report No. ARF-5181-13 (Final Report), "Engineering Study for 
Electrical Hull Interaction", Contract No. N123-(953)30698A 
Subproject No. S296002, Task 7407, Appendix F. 
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Tone - Modulated 
RF Signal 

To ~lispccted 
Non-Linear1 ty 

FIGLRE A - 1  I- BASIC HIGH-IMPEDANCE JUNCTION LOCATOR 

Headphones 



I 

A nonlinear junction rectifies the RF signal and "detects" 

the audio tone which is heard in the headphones, No tone is 

heard if the junction is linear. 

A l l  environment nonlinearities and laboratory-fabricated 

junctions have been found to be symmetrical, 

perfectly symmetrical nonlinearity cannot detect the audio 

modulation: however, most junctions do not possess perfect 

symmetry, but show some unbalance between the "forward" and 

'I rever sell directions 

Theoretically, a 

The addition of the DC bias causes the operating point of 

the nonlinearity to shift away from the zero reference so that 

rectifleaticn becemes more pronounced, especially in the case 

of nearly-perfect symmetrical junctions, 

The basic circuit isr,zL sensitive to frequency nor is 

frequency stability a problem, 

frequency so that the t es t  ieads could be msde very  I n n g  

without having the device become critical. Under certain 

circumstances, these long leads could be "zeroed in" on a 

high-impedance nonlinearity existing between them. For 

specific applications, the RF frequency could be chosen so as 

to test suspected junctions at actual generated intermodulation 

frequencies. 

It is possible to use a low 

Figure A-2 shows the schematic diagram of an audio 

detector which has been fabricated. For this version of the 

device, no internal RF source was supplied. A modulated RF 

signal is radiated within the environment being tested and 
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i 

the audio probe is used to locate nonlinearities which are 

being excited by the radiated field. 

ADVANTAGES 

1. This device can locate both symmetrical and nonsym- 

metrical nonlinearities in hish-impedance locations in local 

communications environments. 

2. It can be made light and portable. 

3. It can be tailored to meet specific situations such as 

locating environment-generated intermodulation sources, using 

device frequencies identical to received spurious environment- 

generated intermodulation frequencies. 

4 .  It can also be designed to use frequencies sufficiently 

low that long test leads could be used to “zero-in“ on an 

environmental nonlinearity. 

TEST TO DETERMINE SENSITIVITY OF AUDIO JUNCTION DETECTOR 

T h e  experiment was run using an Audio Signal generator 

@lo00 cps (HP-205AG) feeding a Millivac Voltmeter. The audio 

detector was connected across the input to the voltmeter. 

 he s e n s i t i v i t y  test was run as follows: 

For each of the signal generator output impedance 
positions, i-e., 5 0 ,  200, 600, or 5000 ohms, the output 
voltage was set at 1 volt. The audio detector was then 
connected across the output, and attenuation was then 
added in series at the output until the tone in the 
earphone became barely audible. 

* 
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I RESULTS 

Sig. Gen. S w i t c h  Pos. on A t t e n u a t i o n  S e n s i t i v i t y  
0 u t p u  t I m p  . A u d i o  D e t e c t o r  A d d e d  AA V o l t s  

50 L o w  z 100 10 

, 

H i  Z 100.5 9.4 
I 2 0 0  Low z 102.5 7.5 

H i  Z 100.5 9.4 
I 600 Low z 105.5 5.3 

H i  Z 101 9.0 
I 5 000 L o w  z 1 1 2  2.5 

H i  Z 104 . 5 6.0 

I 

F i g u r e  A-2 s h o w s  the experimental set up. 

s ig .  Gen. 1 Kc 
H P  205 AG '. 

FIGURE A-3  EXPERIbIENTAL SET U P  
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APPENDIX B 

DISTANCE SEPARATION BY RAMP MODULATED FM 
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APPENUIX R 

DISTANCE SEPARATION BY RAMP MODULATED FM 

Consider the system shown i n  Figure 3-1. 

FM 
Modulated 
Trar ,  s r n i  t t e r  

FIGURE B-1 

Let the nonlinearit ies generating the Nth order harmonic be 

located tl ,  t2,  . . . tm time distance away from the source. 

A l s o ,  l e t  

t 
SN cos {ZTN [ fct + nf  J F ( t )  d t ] }  

0 
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be the Nth harmonic of the transmitted signal. Its instantaneous r 
1 frequency is 

I N [ fc + Af F(t)] = f (t). I L; 

I t The received signal from nonlinearity m is 

t -  

0 
Rm = Am cos { 2 r N  [ fct + Af (' 2tm F(t) dt]} 

and its instantaneous frequency is 

fc + Of F(t - 2tm)]= fR (t). 
rn 

t - 2tm 
F(t) dt]}. 

0 

M M 

m =  1 m =  1 
R =  c Rm = C Am cos 277N [fct + Af J 

If the received signal is mixed with the Nth harmonic generated 

at the transmitter, each contribution will produce its own 

beat frequencics,fg+ an5 

For the junction m, 

w i t h  the local Nth harmonic. 'B- 7 .'- 

= N [ fc + Of' F(t)] + N [ fc + Af F(t - 2tm)] - 

m - fSN + fR rn B+ 
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I f  F ( t )  i s  a l i n e a r  f u n c t i o n  of t i m e ,  the beat f r e q u e n c y  w i l l  

be p r o p o r t i o n a l  t o  the d i s t a n c e  t o  the j u n c t i o n .  

I f , n o w , s i g n a l  R is  mixed w i t h  S ,  where 

the s i g n a l  B r e s u l t s :  

M t 

m= 1 0 
= C KAm% COS [2TN[fct+Af J F ( t )  dtfcos(,TN [fct 

t - 2 t m  
F ( t )  d t ]  

0 
+ A f  S 
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K% M 
c Am 

B = -  
m= 1 2 

+ COS { 2nN [ Af  

- c L 

2 f c t  + A f  ( j  F ( t )  d t  
0 

t - 2 t m  
F ( t )  d t ) ]  

0 
+ I  

t t - 2 t m  
( J F ( t )  d t  - J F ( t )  d t ) ] } J .  

0 0 

P a s s i n g  t h i s  s i g n a l  B t h r o u g h  a l o w  pass f i l t e r  t o  e l i m i n a t e  the 

higher f r e q u e n c y  components  gives  

t 
C Am cos F ( t )  d t  1. 

t - 2 t m  
- K% - -  

m= 1 2 

The  i n s t a n t a n e o u s  f r e q u e n c y  of the m t h  component  is 
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Example : 

Ass1 me a junction to be roughly 100’ or 30 meters from 

the point where the fundamental signal is launched. 

since 

Then, 

= 0.1 p sec. , d 30 me’iers t = - =  
3 x ’“ec V 

. tm = 0.1 psec 
0 .  

Let N = 3 (third harmonic) 

Let T = 10Opsec (10 Kc ramp modulation) as shown in the 

Figure. 

third har- 

* i =  
T 5’ f 2tm 3fc * tm 
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T must  be greater t h a n  2 tm.  

L e t  nf = 1 0  M c .  

Then ,  

t B u t  F ( t )  = T 

r '1 

f B- = 2NAf[ >] 

= 6 0  Kc. B- f 

T h u s ,  f o r  t h i s  example, a 60 K c  r e c e i v e d  s i g n a l  would  

i n d i c a t e  a n o n l i n e a r i t y  located a t  a d i s t a n c e  of 30 meters 

f r o m  the s o u r c e .  

d i s t a n c e s  would  p r o d u c e  dif;'e: -t o u t p u t  f r e q u e n c i e s .  T h e  

d e v i a t i o n  f r e q u e n c y  a n d  sweep f r e q u e n c y  c h o s e n  f o r  t h i s  example 

O t h e r  n o n l i n e a r  s o u r c e s ,  l o c a t e d  a t  d i f f e r e n t  

I I T  R E S E A R C H  I N S T I T U T E  

E-5 



are not necessarily the best choices for an operating system; 

however, they illustrate the principle. 

It is noted that this scheme generates information on 

the distance from the source to the nonlinearity, but gives 

no useful bearing information. Consequently, directional 

antennas or some additional scheme is necessary to obtain this 

information, The FM scheme was not pursued beyond the point 

presented here, since it was felt that work toward the 

development of techniques to obtain bearing information was 

a necessary prerequisite to this or any other distance 

measuring scheme. 
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